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1. INTRODUCTION

1.1 ENVIRONMENTAL IMPACT OF MODERN AGRICULTURE 
Until about four decades ago, crop yields in agricultural systems depended on 
internal resources, recycling of organic matter, built-in biological control mechanisms 
and rainfall patterns. Agricultural yields were modest, but stable. Production was 
safeguarded by growing more than one crop or variety in space and time in a field as 
insurance against pest outbreaks or severe weather. Inputs of nitrogen were gained by 
rotating major field crops with legumes. In turn rotations suppressed insects, weeds 
and diseases by effectively breaking the life cycles of these pests. In these types of 
farming systems the link between agriculture and ecology was quite strong and signs 
of environmental degradation were seldom evident. But as agricultural modernization 
progressed, the ecology-farming linkage was often broken as ecological principles 
were ignored and/or overridden. In fact, several agricultural scientists have arrived at 
a general consensus that modern agriculture confronts an environmental crisis. 
Evidence has accumulated showing that whereas the present capital- and technology-
intensive farming systems have been extremely productive and competitive; they also 
bring a variety of economic, environmental and social problems.  

The very nature of the agricultural structure and prevailing policies in a 
capitalist setting have led to an environmental crisis by favoring large farm size, 
specialized production, crop monocultures and mechanization. Today as more and 
more farmers are integrated into international economies, the biological imperative of 
diversity disappears due to the use of many kinds of pesticides and synthetic 
fertilizers, and specialized farms are rewarded by economies of scale. In turn, lack of 
rotations and diversification take away key self-regulating mechanisms, turning 
monocultures into highly vulnerable agro-ecosystems dependent on high chemical 
inputs. Also, fields that in the past contained many different crops, or a single crop 
with a high degree of genetic variability, are now entirely devoted to a genetically 
uniform single crop. The specialization of farms has led to the image that agriculture 
is a modern miracle of food production. However, excessive reliance on farm 
specialization has negatively impacted the environment (Altieri, 1992; Altieri and 
Rosset, 1995).  
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1.2 USE OF PESTICIDES IN CROP PROTECTION 
Pesticides are those substances which are used to control, destroy, repel or 
attract pests in order to minimise their detrimental effects. Pests are those organisms 
like weeds, insects, bacteria, fungi, viruses and animals which adversely affect our 
way of life. Pests can reduce the quality and quantity of food produced by lowering 
production and destroying stored produce; they can harm our animals (like fleas, 
worms and diseases); they compete with humans for food and affect the health, 
welfare and way of life of people; they can destroy buildings (termites) and are a 
major cause of land degradation (noxious weeds, rabbits, feral pigs, etc). Pest activity 
greatly increases the costs of farming. Pesticides therefore are used in many situations 
such as livestock farming, cropping, horticulture, forestry, home gardening, homes, 
hospitals, kitchens, road-sides, recreational and industrial areas. Pesticides may be 
derived from inorganic sources (copper, sulphur), natural organic sources (plants) or 
be organic compounds synthesised in a laboratory.  

While the first recorded use of chemicals to control pests dates back to 2500 
BC, it is really only in the last 50 years that chemical control has been widely used. 
Many of the earliest pesticides were either inorganic products or derived from plants, 
for example burning sulphur to control insects and mites. Other early insecticides 
included hellebore to control body lice, nicotine to control aphids, and pyrithrin to 
control a wide variety of insects. Lead arsenate was first used in 1892 as an orchard 
spray while about the same time it was accidentally discovered that a mixture of lime 
and copper sulphate (Bordeaux mixture) controlled downy mildew, a serious fungal 
disease of grapes. It is still one of the most widely used fungicides. Many of these 
early chemicals had disadvantages. They were often highly toxic, were very 
persistent, posing a threat to the environment.  

The modern era of chemical pest control commenced during World War II. 
For example, the much maligned DDT played a major role in the health and welfare 
of soldiers who used it to control body lice and mosquitoes which transmitted major 
illnesses. With their relatively low cost, ease of use and effectiveness, they became 
the primary means of pest control. Protection of crops, produce, animals and humans 
over extended periods became possible with corresponding increases in food 
production and improved standards of living.  
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During the mid-1940s the production and use of synthetic organic pesticides 
rapidly increased. By 1991, there were approximately 23,400 pesticide products 
registered with the U.S. Environmental Protection Agency (EPA). In 1997, 1.2 billion 
pounds of pesticides were used. The agriculture industry used 77%, industrial, 
commercial and government organizations used 12% and private households used the 
remaining 11%. According to the Environmental Protection Agency (EPA), 60 per 
cent of herbicides, 90 per cent of fungicides and 30 per cent of insecticides are known 
to be carcinogenic. Pesticide residues have been detected in 50 per cent to 95 per cent 
of U.S. foods (Hock, Day and Morley, 1991; EPA-US, 2000 and 2008).  

1.2.1 USE OF ENDOSULFAN IN CROP PROTECTION 
 Endosulfan is an organochlorine insecticide. Chemical name for ES is 
6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a,hexahydro-6,9-methano-2,4,3-enzodioxathipin
-3-oxide. In nature, it is found in two different isomers namely alpha- and beta- 
generally in ratio of 7:3. Because of its chemical inertness, endosulfan is proved to be 
useful in many industries and agriculture need. India is largest producer and user of 
endosulfan in the world. It is widely applied in field of rice, cotton, tobacco etc. It 
gives protections against common pests like stem borer, whorl maggot, case worm 
and Helicoverpa armigera (Boll worm), Helicoverpa puncligera (Bud worm), beetles, 
caterpillars and aphids etc. Persistence of endosulfan in environment becomes case in 
developing countries. Developed countries have banned use of endosulfan since 
1970s but due to low cost, easy production and wide applicability make it widely used 
in developing countries (WHO, 1975 and Jayashree et. al., 2007). 

1.2.2 USE OF CHLORPYRIFOS IN CROP PROTECTION 
Chlorpyrifos is a broad-spectrum insecticide. It is a type of 
organophosphorous insecticide. Chemically, it is O,O-diethyl-O-(3,5,6-trichloro-2-
pyridinol) phosphorothioate. It is used in field protection of corn, cotton, peaches, 
apple etc. Termites and insects are susceptible to chlorpyrifos. Metabolism of 
chlorpyrifos occurs in many microorganisms but it is not completely degradable. 
Transport of chlorpyrifos to human results in neural disorders, inhibition of DNA 
synthesis, interference with gene transcription, altered function of neurotrophic 
signaling cascade and synaptic function (Dam, 2000). 
4

1.3 SOIL PERSISTENCY OF PESTICIDES
Many factors govern the potential for groundwater or surface water 
contamination by pesticides. These factors include: properties of the soil, properties of 
the pesticides, hydraulic loading on the soil and crop management practices. Out of all 
these factors, properties of pesticides that affect their fate in the environment and the 
environmental and site conditions that influence these properties are of major 
significance. The possible fate processes for a pesticide can be grouped into those that 
affect persistence, including photodegradation, chemical degradation and microbial 
degradation, and those that affect mobility, including sorption, plant uptake, 
volatilization, wind erosion, runoff, and leaching. Pesticides behave in somewhat 
predictable ways in the environment. Some of the most important properties of a 
pesticide that can be used to predict environmental fate include half-life, soil sorption 
coefficient, water solubility, and vapour pressure. Other useful parameters for 
predicting environmental fate include the Groundwater Ubiquity Score, or GUS, 
which is a number derived from the half-life and the sorption coefficient, and 
the Henry's law constant, which is a number derived from the water solubility and the 
vapour pressure. 

Pesticide persistence often is expressed in terms of half-life. This is the length 
of time required for one-half of the original quantity to break down. Pesticides can be 
divided into three categories based on half-lives: nonpersistent pesticides with a 
typical soil half-life of less than 30 days, moderately persistent pesticides with a 
typical soil half-life of 30 to 100 days, or persistent pesticides with a typical soil half-
life of more than 100 days. Ultimately, the degradation products of any organic 
chemical will be water, carbon dioxide, and minerals. However, intermediate 
degradation products of some pesticides are of concern for health or environmental 
reasons. In these cases, half-life values should be determined for the intermediate 
products. In general, pesticide residues on canopy foliage or ground cover tend to be 
less persistent than soil residues. 

Whatever may be the mechanism of persistence; these highly stable organic 
pollutants are widely recognized as a problem. Pesticides have been classified 
according to their volatilization, mobility and persistence characteristic and 
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groundwater pollution potential. Pesticides can be classified in three categories based 
on their volatilization behaviour, as given in the Table 1.1. 
 
Table 1.1: Three categories of pesticides based on volatilization behaviour 
 
Pesticide Category Volatilization Behaviour 
Category-1 High volatile 
Category-2 Medium volatile 
Category-3 Low volatile 

 
The commonly used pesticides belonging to Category-1 are Azinphos-Methyl, 
Captan, Chlorpyrifos, Deltamethrin, Diazinon, Endosulfan, Propanil and Trifluralin, 
those to Category-2 are Carbanyl, Carbosulfan, Dicofol and Profenos and those to 
Category-3 are Aldicarp, Atrazine, Benomyl, Bromacil, Cypermethrine, 2,4 D, 
Dichlorvos, Malathion, Mancozeb, Methiocarb, Metolachlor, Methomyl, Methly-
parathion, Monocorotophos, Propineb, etc. (Kerle et. al., 2007 and Tomlin, 1997). 

On the basis of persistence, pesticides have been classified into five groups as 
given in the Table 1.2. The soil persistency (half-life) of some commonly used 
pesticides is mentioned in the Table 1.3.  
Table 1.2: Classification of pesticides with regard to their persistence 

Pesticide Persistency Classification 
Group 1 T ½  > 100 days Very high persistence 
Group 2 31 days < T 1/2  < 100 days High persistence 
Group 3 16 days < T 1/2  < 30 days Normal persistence 
Group 4 6 days < T1/2 < 15 days Low persistence 
Group 5 T ½ < 5 days Very low persistence 
      Source: Commission of the European Communities, 1999. 
6

Table 1.3: Soil persistency (half-life) of some commonly used pesticides 
 
Sl. No. Pesticides Half-life in soil (Days) * 
1 Endosulfan 60 – 800 
2 Chlorpyrifos 60 – 120 
3 Imidacloprid 997 
4 Monocrotophos 14 – 21 
5 Carbofuran 30 – 120 
6 Parathion < 30 
7 Methyl parathion 10 – 60 
8 Malathion 1 – 25 
9 Profenofos 2 – 7 
10 Aldicarb 45 – 408 
11 Propanil 1 – 3 
12 Methomyl 14 
13 Mancozeb 1 – 7 
14 Quinalphos 13 – 21 
15 Cypermethrin 4 – 56 
       * Source: Compiled from different research papers & EPA’s Pesticide FSD  
                         

1.4 ENVIRONMENTAL FATE OF PESTICIDES 
Pesticides that become incorporated into the soil may be destroyed, inactivated or 
removed from the environment by a number of means. Such environmental 
mechanisms of pesticide fate and transport are as follows:  
(a) Volatilization  
(b) Leaching of the chemicals through and out of the surface soil 
(c) Chemical reactions  
(d) Adsorption of the compound by soil colloids 
(e) Photochemical destruction 
(f) Plant removal from the soil  
(g) Biological detoxification 
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The specific mechanism depends upon the chemical in question, the soil type and 
environmental conditions. Some pest control agents disappear largely by means of 
volatilization; others are readily removed from the surface horizons by leaching while 
some are destroyed largely or entirely by microbial agencies (UNESCO, 1969). 

1.4.1 VOLATILIZATION  
Volatilization is a process by which a chemical compound is released to the 
atmosphere in the form of a vapor or gas. Few pesticides are known to be volatile. 
Most of these belong to the lower molecular weight halogenated aliphatic compounds 
(e.g., ethylene dibromide, dibomochloropropane, and methy bromide). The rate of 
volatilization for an individual compound is controlled mainly by the Henry’s law 
constant, which is the ratio of the concentration of contaminant in the liquid 
equilibrium phase. Volatilization is affected by the moisture level of the soil, wind 
speed, temperature, soil organic matter content, and by the pesticide formulation.  

1.4.2 LEACHING 
The rate and extent of loss by leaching is associated with the amount of 
rainfall and irrigation; the compound ultimately moving downward and into the 
groundwater.  A major factor controlling the downward migration of the pesticides is 
the solubility of chemical compounds in water. Leaching of pesticides is caused 
mainly by percolation of stormwater through the contaminated soil media, which 
causes the dissolved portion of the organic and inorganic compounds to enter the 
ground water aquifer and be carried away. Pesticide can be moved by run off when 
they are either dissolved in the water or bound the eroding soil particles.  

1.4.3 CHEMICAL REACTIONS
Chemical transformations can be classified as hydrolysis, oxidation, and 
reduction. These reactions may be catalysed by the presence of metal ions, metal 
oxides, clay surfaces, organic compounds, and organic surfaces. The pH of solutions 
and the effective pH of clay surfaces, which may be quite different from the 
surrounding aqueous environment, can significantly influence rates of degradation. 

1.4.4 SOIL ADSORPTION 
The tendency of a pesticide to leach also depends on how strongly it adsorbs 
to soil. Adsorption refers to the attraction between a chemical and soil particles. 
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Adsorbent materials in soils and sediments can be divided into clay minerals and soil 
organic matter. Adsorption is more pronounced in soils with high clay content and 
high organic matter. Compounds that are strongly adsorbed onto soil are not likely to 
leach, regardless of their solubility. They are retained in the root zone where they are 
taken up by plants or eventually degraded. Compounds that are weakly adsorbed, on 
the other hand, will leach in varying degrees depending on their solubility. The extent 
of adsorption is related to the individual colloid, the specific chemical, moisture, pH, 
temperature and the type of formulation. As a rule, adsorption decreases with 
increasing pH and temperature. A pesticide’s tendency to be adsorbed by soil is 
expressed by its adsorption coefficient, as given below: 

soilincarbonOrganicKK dOC %*  
 
First term is expressed as adsorption coefficient (Kd) and can be calculated by 
mixing soil, pesticide, and water, then measuring the concentration of pesticide in 
solution after equilibrium is reached. 
 
dissolvedchemicalofionConcentrat
adsorbedchemicalofionConcentratK d 
 
 
High Koc values indicate a tendency for the chemical to be adsorbed by soil 
particles rather than remain in the soil solution. Adsorption coefficients less than 500 
indicate a considerable potential for losses through leaching.
1.4.5 PHOTOCHEMICAL TRANSFORMATIONS 
Photochemical degradations occur in air and water but are probably of little or 
no significance in soil. Before a substance can undergo a photochemical reaction, it 
must have the ability to absorb energy from the appropriate portion of the spectrum. 
When energy is absorbed from UV light, electrons in the molecule are excited and the 
resulting event cause a breakage of existing chemical bonds or the formation of new 
ones. 


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1.4.6 PLANT REMOVAL OF PESTICIDES FROM THE SOIL 
Not only may pesticide disappearance from the soil result from non-biological 
and microbial agencies but non-cultivated and cultivated plants may assimilate 
through their roots a variety of herbicides and insecticides and thereby lower the 
chemical concentration in the ecosystem. The fact that food or feed crops take up the 
pesticides or their toxic derivatives from the soil raises another potentially serious 
problem since the assimilated substances may be translocated from the roots into 
aerial portion of the plant. The latter, in turn, it might be consumed by animals or 
man. 

1.4.7 MICROBIAL DEGRADATION OF PESTICIDES 
Microbial degradation process involves biochemical reactions such as 
dehalogenation, oxidative reactions such as epoxidation, dealkylation, reduction, ester 
hydrolysis and condensate or conjugate formation. Most pesticide-degrading 
microorganisms have been isolated from soil. The types and rates of microbial 
degradation are determined by the pH, temperature, redox potential, nutrient 
availability and the general microbial ecology of a given system. If the pesticide can 
be used as an energy or nutrient source, it will disappear from the soil slowly or 
rapidly, the rate depending upon the compound, method of application, degree of 
adsorption, rate of growth of the active species, various environmental factors and 
possible toxicity of substrate to microorganisms using it (UNESCO, 1969). 
1.5 VARIOUS HAZARDS OF PESTICIDES 
Despite their many advantages, there are some potential hazards or risks when 
using farm chemicals. Undesirable side effects of farm chemical use usually stem 
from a lack of understanding of the impact of the chemical on the environment, 
compounded by indiscriminate and overuse of the product. These side effects do not 
always occur when farm chemicals are used and damage does not necessarily result. 
Some of these effects may be: 
1. Reduction of beneficial species, Non-target organisms, including predators 
and parasites of pests, can also be affected by chemical application. The 
reduction of these beneficial organisms can result in changes in the natural 
biological balances. Losses of honeybees and other pollinating insects can also 
be a problem (Moses, 1992). 
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2. Drift of sprays and vapour during application can cause severe damage and 
residue problems in crops, livestock, waterways and the general environment. 
Care in the methods of application and the weather conditions under which it 
is carried out can reduce drift. Environmental pollution from careless 
application and runoff can result in wildlife and fish losses (Environ. Quality 
Report No. 11, 1975). 
3. Residues in food for humans and feed for livestock can be a consequence of 
direct application of a chemical to the food source, by the presence of 
pollutants in the environment or by transfer and biomagnification of the 
chemical along a food chain. Not all residues are undesirable although good 
agricultural practice must be observed to prevent unnecessary and excessive 
levels of residues (Howard, 1991). 
4. Ground water contamination by leached chemicals can occur in high use 
areas if persistent products are used. 
5. Resistance to the pesticide used can develop in target pests due to overuse and 
incorrect use of the chemical. 
6. Poisoning hazards and other health effects to operators can occur through 
excessive exposure if safe handling procedures are not followed and the 
protective clothing not worn properly. The poisoning risks depend on dose, 
toxicity, duration of exposure and sensitivity (US-DHHS, 2000). 
7. Other possible health effects due to indiscriminate use of farm chemicals 
also concern many people in the world community. Problems result from 
misuse, abuse and overuse.  
1.6 PROPERTIES, HAZARDS AND FATE OF ENDOSULFAN 
Endosulfan is a chlorinated hydrocarbon insecticide of the cyclodiene 
subgroup which acts as a contact poison in a wide variety of insects and mites. 
Technical endosulfan is a mixture of endosulfan isomers (70% -isomer and 30% -
isomer). Formulations of endosulfan include emulsifiable concentrate, wettable 
powder, ultra-low volume (ULV) liquid, and smoke tablets.  

1.6.1 PROPERTIES OF ENDOSULFAN 
The important physical and chemical properties of the endosulfan, which has 
been used in the present research work, are mentioned in the Table 1.4. 
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Table 1.4: Important chemical and physical properties of endosulfan 
 
Chemical Name 
6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-
hexahydro - 6,9-methano-2,4,3-benzo-
dioxathiepin 3-oxide 
CAS Number 115-29-7 
Molecular formula C9H6Cl6O3S 
Structure
 
Rel. molecular mass 406.95 g 
Density 1.735 g/cm3 at 20°C 
Boiling point 106°C at 0.9 hPa (partial decomposition) 
Melting point 
Technical: 70-100°C 
 -isomer: 108-109°C 
 -isomer: 206-208°C 
Adsorption coefficient (Log Koc) 3.31 
Partition coefficient (Log Kow) 3.55 
Henry’s Law Constant ~11 x 10-4 atm.m3/mol at 25°C 
Vapour pressure ~ 1 x 10-3 Pa 
Solubility (at 25oC)
in water :          1.4 mg/l 
in toluene:        20 g/l 
in hexane:         2.4 g/1 
in benzene:       33 g/l 
in xylene:         45 g/l 
in chloroform:  50 g/l  
in methanol:     11  g/l 
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1.6.2 HAZARDS OF ENDOSULFAN 
Endosulfan is a highly toxic substance and carries the signal word DANGER 
on the label. Undiluted endosulfan is slowly and incompletely absorbed into the body 
whereas absorption is more rapid in the presence of alcohols, oils and emulsifiers. 
Stimulation of the central nervous system is the major characteristic of endosulfan 
poisoning. The oral LD50 in rats ranges from 18 - 220 mg/kg. Some other oral LD50 
values are: mice 7.36 mg/kg, hamsters 118 mg/kg, cats 2 mg/kg, and dogs 76.7 
mg/kg. The dermal LD50 for rats is 74 mg/kg while for rabbits figures from 200 to 
359 mg/kg are recorded [15]. In rats, oral doses of 10 mg/kg/day caused high rates of 
mortality within 15 days, but doses of 5 mg/kg/day caused liver enlargement and 
some other effects over the same period. This dose level also caused seizures 
commencing 25 to 30 minutes following dose administration that persisted for 
approximately 60 minutes. There is evidence that administration of this dose over 2 
years in rats also caused reduced growth and survival, changes in kidney structure, 
and changes in blood chemistry (US-DHHS, 2000; E.Q. Report No. 11, 1975).  

Carcinogenic effects: There are no reports of cancer in humans exposed to 
endosulfan. The EPA has placed endosulfan in the "not classifiable" category due to 
the lack of data on its carcinogenicity.

Fate in humans and animals: Endosulfan is rapidly degraded and eliminated in 
mammals with very little absorption in the gastrointestinal tract. Cattle fed 0.15 mg/kg 
for 60 days had no residues in the fat. The metabolite, endosulfan sulfate, seems to 
show similar acute toxicity to the parent compound. The beta isomer is cleared from 
blood plasma more quickly than the alpha isomer. Most of the endosulfan seems to 
leave the body within a few days to a few weeks. 

1.6.3 FATE OF ENDOSULFAN IN ENVIRONMENT 
The environmental fate of endosulfan includes breakdown in soil and 
groundwater, breakdown in water and breakdown in vegetation. Endosulfan is 
moderately persistent in the soil environment with a reported average field half-life of 
50 days. The compound is broken down in soil by fungi and bacteria. Endosulfan does 
not easily dissolve in water, and has a very low solubility. It has a moderate capacity 
to adhere or adsorb to soils. Transport of this pesticide is most likely to occur if 
endosulfan is adsorbed to soil particles in surface runoff. Large amounts of 
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endosulfan can be found in surface water near areas of application. In plants, 
endosulfan is rapidly broken down to the corresponding sulfate. On most fruits and 
vegetables, 50% of the parent residue is lost within 3 to 7 days. Endosulfan and 
endosulfan residues have been found in numerous food products at very low 
concentrations. They have been detected in vegetables (0.0005 - 0.013 ppm), in 
tobacco, in various sea-foods (0.2 ppt - 1.7 ppb), and in milk (Moses, 1992 and 
Howard, 1991).  

1.7 PROPERTIES, HAZARDS AND FATE OF CHLORPYRIFOS 
Chlorpyrifos is a broad-spectrum organophosphate insecticide. While 
originally used primarily to kill mosquitoes, Chlorpyrifos is effective in controlling 
cutworms, corn rootworms, cockroaches, grubs, flea beetles, flies, termites, fire ants, 
and lice. It is used as an insecticide on grain, cotton, field, fruit, nut and vegetable 
crops, and well as on lawns and ornamental plants. It is also registered for use in 
domestic dwellings, farm buildings, storage bins, and commercial establishments. 
Chlorpyrifos acts on pests primarily as a contact poison, with some action as a 
stomach poison. It is available as granules, wettable powder, dustable powder, and 
emulsifiable concentrate.  

1.7.1 PROPERTIES OF CHLORPYRIFOS 
The physical and chemical properties of a pesticide plays significant role in 
determining its environmental fate and transport. The physical and chemical 
properties of chlorpyrifos are as mentioned in the Table 1.5 (Ware, 2006; EC, 2005; 
Canadian EQG, 2008 and Roy, 1992). 
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Table 1.5: Important chemical and physical properties of chlorpyrifos 

Chemical Name O,O-diethyl O-3,5,6-trichloro-2-pyridyl phosphor-rothioate 
CAS Number 2921-88-2 
Molecular formula C9H11Cl3NO3PS 
Structure
 
Rel. molecular mass 350.62 
Density 1.38 g/cc at 46oC 
Boiling point Decomposes before boiling. Thermal decomposition occurs between 160 – 180 oC 
Melting point 41.5 – 44 oC 
Adsorption coefficient (Log Koc) 1.61 – 4.72   
Partition coefficient (Log Kow) 4.699 
Henry’s Law Constant 0.478  Pa. m3/mol at 25 oC 
Vapour pressure 2.5 mPa at 25 oC 
Solubility (at 25 oC)
Water            : 1.39 mg/L  
Benzene        : 790 g/1  
Acetone         : 650 g/1  
Chloroform   : 630 g/1  
Diethyl ether : 510 g/1  
Xylene           : 645 g/1  
Methanol       : 45 g/1  
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1.7.2 HAZARDS OF CHLORPYRIFOS 
Chlorpyrifos is moderately toxic to humans. Poisoning from chlorpyrifos may 
affect the central nervous system, the cardiovascular system, and the respiratory 
system. It is also a skin and eye irritant. Symptoms of acute exposure to 
organophosphate or cholinesterase-inhibiting compounds may include the following: 
numbness, tingling sensations, incoordination, headache, dizziness, tremor, nausea, 
abdominal cramps, sweating, blurred vision, difficulty breathing or respiratory 
depression, and slow heartbeat. Very high doses may result in unconsciousness, 
incontinence, and convulsions or fatality.  

Carcinogenic effects: There is no evidence that chlorpyrifos is carcinogenic. There 
was no increase in the incidence of tumors when rats were fed 10 mg/kg/day for 104 
weeks, nor when mice were fed 2.25 mg/kg/day for 105 weeks. 

Organ toxicity: Chlorpyrifos primarily affects the nervous system through inhibition 
of cholinesterase, an enzyme required for proper nerve functioning. 

Fate in humans and animals: Chlorpyrifos is readily absorbed into the bloodstream 
through the gastrointestinal tract if it is ingested, through the lungs if it is inhaled, or 
through the skin if there is dermal exposure. In humans, chlorpyrifos and its principal 
metabolites are eliminated rapidly. Chlorpyrifos is eliminated primarily through the 
kidneys. It is detoxified quickly in rats, dogs, and other animals. Chlorpyrifos is 
moderately to very highly toxic to birds. Chlorpyrifos is very highly toxic to 
freshwater fish, aquatic invertebrates and estuarine and marine organisms. 
Cholinesterase inhibition was observed in acute toxicity tests of fish exposed to very 
low concentrations of this insecticide. Aquatic and general agricultural uses of 
chlorpyrifos pose a serious hazard to wildlife and honeybees (Ware, 2006; EC, 2005; 
Canadian EQG, 2008 and Roy, 1992). 

1.7.3 FATE OF CHLORPYRIFOS IN ENVIRONMENT 
Chlorpyrifos is moderately persistent in soils. The half-life of chlorpyrifos in 
soil is usually between 60 and 120 days, but can range from 2 weeks to over 1 year, 
depending on the soil type, climate, and other conditions. Chlorpyrifos was less 
persistent in the soils with a higher pH. Soil half-life was not affected by soil texture 
or organic matter content. In anaerobic soils, the half-life was 15 days in loam and 58 
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days in clay soil. Adsorbed chlorpyrifos is subject to degradation by UV light, 
chemical hydrolysis and by soil microbes. Chlorpyrifos adsorbs strongly to soil 
particles and it is not readily soluble in water. It is therefore immobile in soils and 
unlikely to leach or to contaminate groundwater. TCP, the principal metabolite of 
chlorpyrifos, adsorbs weakly to soil particles and appears to be moderately mobile 
and persistent in soils.  

The US EPA considers that there is insufficient data to fully assess the 
environmental fate of Chlorpyrifos. Chlorpyrifos is tightly adsorbed by soil and not 
expected to leach significantly. Volatilization from soil surface will contribute to loss. 
Depending on soil type, microbial metabolism of Chlorpyrifos may have a half-life of 
up to 279 days. Higher soil temperatures, lower organic content and lower acidity 
increases degradation of chlorpyrifos. Chlorpyrifos inhibits nitrification and nitrogen 
fixation marginally, many bacterial strains were unable to degrade it but some micro-
organisms can use chlorpyrifos as their only source of carbon and nitrogen (Ware, 
2006; EC, 2005; Canadian EQG, 2008 and Roy, 1992). 

1.8 REMEDIATION METHODS FOR PESTICIDE CONTAMINATED SOIL 
Enormous quantities of pesticides are currently used in agricultural activities. 
Some of these pesticides degrade rapidly, and are broken down in hours or days while 
the others are most complex and persistence molecules. The full degradation 
pathways and ultimate fate of many pesticides in the field are still not fully known. 
Many pesticides do not reach their targets but instead end up on crops, trees, animals, 
soils, or surface and groundwater sources. 

Treatment of contaminated soil is long-term process. With regard to treatment 
technology a variety of mechanical, physical, chemical and biological methods are 
currently applied, but the technology, which has been applied so far, is still in a rather 
infant state. The technology of soil protection and soil remediation is currently 
developing to a new scientific branch of cross-disciplinary character. Knowledge and 
experience of many disciplines must merge to generate solutions, as they are so 
urgently needed. The involvement of chemists, microbiologist, soil scientists, 
geologist, and civil, chemical and environmental engineers is necessary in solving 
contaminated soil problems (Singhvi et. al., 1994).  

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The remediation methods currently available for the treatment of pesticide 
contaminated soil are as given below: 
(a) Low Temperature Thermal Desorption 
(b) Incineration 
(c) Bioremediation 
(d) Phytoremediation 
 
1.8.1 LOW TEMPERATURE THERMAL DESORPTION  
Low Temperature Thermal Desorption is an ex situ clean up technology, 
frequently used to remediate pesticide-contaminated sites. It is capable of removing 
semi-volatile and volatile organic compounds, including pesticides, from soils and it 
is believed to be capable of removing pesticides from sludge, sediments and filter 
cakes. The media is heated to between 300 and 10000F, which results in the 
volatilization, but not the destruction of organic compounds. The resulting organics in 
the contaminated gas stream are treated by either passing through an afterburner or 
condenser or they are captured by carbon adsorption beds. By treating the gas stream 
with an afterburner, the contaminants are completely destroyed. The condenser 
converts the gas into a liquid phase for further treatment while the carbon adsorption 
beds immobilize, but do not destroy the contaminants. Low temperature thermal 
desorption requires highly specialized facilities and carries a comparatively high cost. 
This technology is not capable of remediating inorganics or heavy metals and is 
limited to contaminated media that is at least 20% solids. 

Contaminated soils are excavated and transported to stationary facilities, while 
mobile units can be operated directly on the site of the contaminated soil. Although all 
LTTD systems use heat to separate (desorb) organic contaminants from the soil 
matrix, each system has a different configuration with its own set of advantages and 
disadvantages. The decision to use one system over another depends on the nature of 
the contaminants as well as machine availability, system performance, and economic 
considerations. System performance may be evaluated on the basis of pilot tests (e.g., 
test burns) or examination of historical machine performance records. Mechanical 
design features and process operating conditions vary among the different types of 
LTTD systems (Roy, 1992 and Singhvi et. al., 1994). 
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1.8.2 INCINERATION
Incineration is a proven technology that has frequently been used to remediate 
pesticide contaminated sites. This technology is best suited for soil, sludge or 
sediments with organic contaminants. Heat and oxygen are applied to the 
contaminated media and the organic compounds are subsequently oxidized. The first 
stage of incineration heats the contaminated media at temperatures between 1,000 and 
1,800 0F and results in some oxidation and the volatilization of the organics. The 
second stage operates at temperatures between 1,600 and 2,200 0F and results in the 
complete destruction of organics. The resulting ash can be disposed off in a landfill, if 
it meets safety regulations. Incineration has the advantage of nearly complete 
destruction of contaminants. It has the limitation of having high costs and a need for 
specialized facilities. Small quantities of contaminated media can be treated off-site at 
centralized facilities but transporting contaminated and hazardous material increases 
the liability (Singhvi et. al., 1994). 

1.8.3 BIOREMEDIATION
Bioremediation is an innovative technology that is frequently being chosen for 
the cleanup of sites contaminated with pesticides and other toxic contaminants. 
Because of lower cost, bioremediation is becoming an increasingly attractive cleanup 
technology. The process of bioremediation enhances the rate of the natural microbial 
degradation of contaminants by supplementing these microorganisms with nutrients, 
carbon sources or electron donors. This can be done by using indigenous 
microorganisms or by adding an enriched culture of microorganisms that have 
specific characteristics. Ideally, bioremediation results in the complete mineralization 
of contaminants to H2O and CO2 without the build-up of intermediates.  

Bioremediation processes can be broadly categorized into two groups: ex-situ 
and in-situ. Ex-situ bioremediation technologies include bioreactors, biofilters, land 
farming and some composting methods. In-situ bioremediation technologies include 
bioventing, biosparging, biostimulation, liquid delivery systems and some composting 
methods. In-situ treatments tend to be more attractive, because they require less 
equipment, generally have a lower cost and generate fewer disturbances to the 
environment. However, the difficulties associated with implementing in-situ processes 
have limited their application in the field conditions (Singhvi et. al., 1994).  
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1.8.4 PHYTOREMEDIATION 
Phytoremediation is also an innovative technology that is gaining recognition 
as a cost-effective and aesthetically-pleasing method of remediating contaminated 
sites. Due to the fact that herbicides are designed to kill plants, the use of 
phytoremediation to remediate them can be a difficult and complicated task. Many 
studies have been done to determine the effectiveness of remediating persistent 
pollutants with various plant species and more results are frequently being reported.  

Plants are often capable of the uptake and storage of significant concentrations 
of some heavy metals and other compounds in their roots, shoots and leaves, referred 
to as phytoextraction. The plants are then harvested and disposed of in an approved 
manner, such as in a hazardous waste landfill. This technique results in up to a 95% 
reduction in waste volume over the equivalent concentration of contaminated soil. 
The plants that are capable of this type of remediation are referred to as 
hyperaccumulators. Types of plants that appear promising for this form of 
remediation include the mustard plant, alpine pennycress, broccoli and cabbage. 
Phytotransformation occurs when plants transform organic contaminants into less 
toxic, less mobile or more stable form. This process includes phytodegradation, which 
is the metabolism of the organic contaminant by the plant enzymes and 
phytovolatilization, which is the volatilization of organic contaminants as they pass 
through the plant leaves. Phytostabilization immobilizes the contaminants and reduces 
their migration through the soil by absorbing and binding leachable constituents to the 
plant structure. This process effectively reduces the bioavailability of the harmful 
contaminants. Almost any vegetation present at contaminated sites will contribute to 
phytostabilization. At the soil-root interface, known as the rhizosphere, there is a very 
large and very active microbial population. The rhizosphere environment is rich in 
microbial metabolic activity, which has the potential to enhance the rate of 
biodegradation of contaminants by the microorganisms. Generally, the plant is not 
directly involved in the biodegradation process. It serves as a catalyst for increasing 
microbial growth and activity, which subsequently increases the biodegradation 
potential. However, the rhizosphere can be limited in its remediation potential 
because it does not extend far from the root. This process is often referred to as 
phytostimulation or plant-assisted bioremediation (Arthur, 1998; Coats, 1997 and 
Kulakow, 2000). 
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1.9 BIOREMEDIATION OF PESTICIDE CONTAMINATED SOIL 
It is not always possible to use each technology with pesticide contaminated 
media. In bioremediation, microorganisms are used to convert the organic 
contaminants into the simpler and less toxic products in the presence of oxygen and 
nutrients. In some cases, adding of microbial culture can be necessary if the native 
media does not contain sufficient amount of microbes. The biological treatment 
process can be performed by ex-situ or in-situ method depending upon the 
convenience and feasibility. 

1.9.1 EX-SITU BIOREMEDIATION 
The Ex-situ bioremediation process can be of following two types: 

[a] Slurry-phase Bioremediation 
In this process, excavated soil or sludge are mixed with water in a reactor to 
create slurry, which is agitated mechanically. Some parameters such as pH, oxygen 
and temperature are controlled and if necessary nutrients are added to reactor. This 
type of bioremediation is suitable for high concentration of organic contaminants in 
soil and sludge. However, inorganic contaminants or pesticides containing inorganic 
compounds can hinder microbial activity. In this case, stabilization may be necessary 
for suitable treatment.  

[b] Solid-phase Bioremediation 
In this process excavated soil or sediments are treated without the addition of 
water. This type of bioremediation can be performed by two forms; land-farming and 
composting. In land-farming, contaminated soil is placed in a lined bed to which 
nutrients are added. The bed is covered with clay and plastic liners, furnished with 
irrigation, drainage, and soil-water monitoring systems. Composting process depends 
on mixing of contaminated soil with a bulking agent (wood chips, straw, bark and 
manure), pilling and aerating in a contained system. Carbon additives provide a 
source of metabolic heat. However, this process has some disadvantages in that 
bulking agents added to the system cause to increase the volume of treated material. 
Irrigation techniques can optimize moisture for biological growth and an enclosed 
system accomplishes volatile emission control.  


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1.9.2 IN-SITU BIOREMEDIATION 
In-situ bioremediation of soil, groundwater and sediments aims at the 
stimulation of the biological degradation of the contaminants in the subsurface 
environment. Usually a recirculation system for ground water is installed. 
Contaminated groundwater is treated above ground, after which oxygen and, if 
necessary, nutrients are added to the water that infiltrates the soil, in order to stimulate 
the indigenous microorganisms to degrade contaminants. 
 
In this technology, proper liquid drainage collection and a recirculation system 
are required to ensure proper contact as well as sufficient aeration to support aerobic 
microbial growth. The advantage of this technology is that this process can destroy 
organic contaminants in place without the high costs of excavation and materials 
handling under appropriate conditions. It can also diminish the release of volatile 
contaminants into the air. However, in-situ bioremediation process normally requires 
time to accomplish remediation goals. The technology is applicable for soil, 
sediments, sludges contaminated with organic pesticides (Kremer, 2003). 
1.10 PRINCIPLES AND MECHANISMS OF BIOREMEDIATION 
The word "bioremediation" was coined by scientists in the early 1980s as a 
term to describe the use of microorganisms to clean polluted soils and waters. The 
prefix bio defined the process as biological that is, carried out by living organisms. 
The noun remediation defined the process as one that resulted in the cleaning of the 
environment, via complete degradation, sequestration, or removal of the toxic 
pollutants as the result of microbial activity. Degradation means that the 
microorganisms decompose the pollutants to harmless natural products such as carbon 
dioxide (CO2), water (H2O), or other nontoxic naturally occurring compounds. 
Sequestration means that the pollutant is trapped or changed in a way that makes it 
nontoxic or unavailable to biological systems. Removal means that while the pollutant 
is not necessarily degraded, the microbes physically remove it from the soil or water 
so that it can be collected and disposed off safely.  

Bioremediation can be defined as the process of using specific 
microorganisms to transform hazardous contaminants in soil/water to nonhazardous 
waste products. However, some definitions that give a broader outlook define 
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bioremediation as biological treatment systems to destroy, or reduce the concentration 
of hazardous waste from contaminated site. Thus some definitions restrict to the use 
of microbes only while others seem to incorporate all the biological entities such as 
plants (phtoremediation). In nature, the process of biological remediation involves 
both plants and microbes and rather the plant-microbe interaction in root zone has a 
very important role (Vidali, 2001; Adamson et. al., 2003 and Silva et. al., 2004).  
There are different treatment technologies under bioremediation, which are briefly 
described as following.  

[a] Intrinsic bioremediation 
This is a process whereby the natural microflora and environmental conditions 
exist for natural attenuation of a pollutant to safe levels within acceptable time frame. 
Here natural subsurface processes such as dilution, volatilization, biodegradation, 
adsorption, and chemical reactions with subsurface materials are allowed to reduce 
contaminant concentrations to acceptable levels. This requires no intervention but just 
monitoring of the natural process of biodegradation. Compared with other 
remediation technologies, natural attenuation has several advantages such as less 
generation or transfer of remediation wastes; less intrusive (as few surface structures 
are required) and may be applied to all or part of a given site, depending on site 
conditions and cleanup objectives. Further it may be used in conjunction with, or as a 
follow-up to, other active remedial measures and the overall cost will likely be lower 
than active remediation.  

[b] Biostimulation 
This involves injection of specific nutrients at the site (soil/ground water) to 
stimulate the activity of indigenous microorganisms. Fertilizers and growth 
supplements are common stimulants. Presence of small amount of pollutant can also 
act as stimulant by turning on the operons for bioremediation enzymes. 
Biostimulation can be done in situ or ex situ.  

[c] Bioventing 
Similar to biostimulation but it involves venting of oxygen through soil to 
stimulate growth of natural or introduced microorganisms. Thus bioventing may 
complement biostimulation as well as bioaugmentation. It is a promising technology 
that stimulates the natural in situ biodegradation of any aerobically degradable 
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compounds in soil by providing oxygen to existing soil microorganisms. Bioventing 
typically uses low air flow rates to provide only enough oxygen to sustain microbial 
activity. Oxygen is most commonly supplied through direct air injection into residual 
contamination in soil. This technique shows considerable promise of stabilizing or 
removing inorganics from soil as it can induce changes in the valence state of 
inorganics and cause adsorption, uptake, accumulation, and concentration of 
inorganics in micro or macroorganisms. However, several factors may limit the 
applicability and effectiveness of the process for example highly saturated soils, 
extremely low moisture content or low permeability soils negatively affect the 
bioventing performance. The biggest limitation is that aerobic biodegradation of many 
chlorinated compounds may not be effective unless a co-metabolite or anaerobic cycle 
is present.  

[d] Bioaugmentation 
Addition of pollutant-degrading microorganisms (natural / exotic / 
acclimatized / genetically engineered) to augment the biodegradative capacity of 
indigenous microbial populations is termed as bioaugmentation. Sometimes 
microorganisms from the remediation site are collected, separately cultured, and 
returned to the site as a means of rapidly increasing the microorganism population at 
the site. Usually an attempt is made to isolate and accelerate the growth of the 
population of natural microorganisms that preferentially feed on the contaminants at 
the site. In some situations different microorganisms may be added at different stages 
of the remediation process because the contaminants change in abundance as the 
degradation proceeds. However there is no evidence to suggest that the use of non-
native microorganisms is beneficial in the situations tested.  

[e] Bio-filters 
Use of microbial stripping columns (containing microorganism enriched 
compost/soil) is to treat organic gases (volatile organic compounds).  
[f] Bioreactors 
Biodegradation of contaminants is facilitated in a large tank or reactor. 
Bioreactors can be used to treat liquid effluents/slurries or contaminated solid 
waste/soil.  
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[g] Composting 
Composting is aerobic, thermophilic treatment process in which contaminated 
material is mixed with a bulking agent (compost rich in bioremediation 
microorganisms). Typically, thermophilic conditions (54 to 65°C) must be maintained 
to properly compost soil contaminated with hazardous organic contaminants and in 
most cases, this is achieved by the use of indigenous microorganisms. Soils are 
excavated and mixed with bulking agents and organic amendments, such as wood 
chips, animal, and vegetative wastes etc. to enhance the porosity of the mixture to be 
decomposed. Maximum degradation efficiency is achieved through maintaining 
aeration and moisture as necessary, and closely monitoring moisture content, and 
temperature. Basically three different process designs are used in composting:  
(i) Aerated static pile composting where compost is formed into piles and 
aerated with blowers or vacuum pumps. 
(ii) Mechanically agitated in-vessel composting where compost is placed in a 
reactor vessel, mixed and aerated. 
(iii) Windrow composting where compost is placed in long piles known as 
windrows and periodically mixed with mobile equipment. Windrow 
composting is usually considered to be the most cost-effective composting 
alternative but it may also have the highest fugitive emissions. 

[h] Land-farming 
It is a solid phase treatment system for contaminated soil where tilling and soil 
amendment techniques are used to encourage the growth of beneficial 
microorganisms in contaminated area. Different conditions that are controlled during 
land farming are:  
            (i) Moisture content: usually by irrigation or spraying  
            (ii) Aeration: by tilling the soil with a predetermined frequency 
           (iii) pH: by adding agricultural lime 
           (iv) Other amendments: such as soil bulking agents, nutrients, etc.  
Land-farming may be done in situ or in a treatment cell and has been 
successfully used to remove large petroleum spills, wood-preserving wastes (PCP and 
creosote), coke wastes, and certain pesticides in the soil. The large requirement of 
space, proper management of leachates and prevention of volatile gases are some of 
the limitations associated with land-farming.  
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The relative advantages and disadvantages of different types of bioremediation 
strategies can be summarized, as given in the Table 1.6. 
Table 1.6: Advantages and disadvantages of different types of  
                   bioremediation strategies 
Techniques Examples Advantages Limitations 
In situ  
Bioventing,  
Biostimulation,  
Bioaugmentation 
Most cost efficient,  
Non-invasive,  
Relatively passive,  
Natural attenuation,  
Treats soil and water  
Environmental 
constraints,  
Extended treatment 
times,  
Monitoring difficulties  
Ex situ
Land farming,  
Composting,  
Biopiles/Biocells 
Cost-efficient,  
Can be done on site  
Extended treatment time, 
Need to control abiotic 
loss,  
Mass transfer problem,  
Bioavailability limitation 
Bioreactors  Slurry/aqueous reactors  
Rapid degradation 
kinetics,  
Optimized environmental 
parameters,  
Enhances mass transfer,  
Effective use of 
inoculants & surfactants  
Requires excavation,  
Relatively high capital 
cost, & operating cost  
Source: Vidali, 2001; PAC, 73 (7), 1163-1172.  
 
Microbes are the key players in bioremediation as they generate the enzymes 
that catalyze the degradative reactions. The microbes carry out degradative reactions 
to use organic substances as a source of carbon and energy. Thus while transforming 
the contaminant microbes gain energy and raw material for their multiplication and 
maintenance. Based on the mechanism by which microbes gain energy, they are 
broadly categorized into three categories, as given in the Table 1.7.  
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Table 1.7: Mechanisms of energy generation by the microbes

Mechanism Electron donor Electron acceptor Product 
Aerobic 
respiration Organic compound Oxygen CO2, H2O 
Anaerobic 
respiration Organic compound 
NO3, SO4, Fe3+, 
Mn4+, CO2 
N2, H2S, CH4, 
Reduced metals 
Fermentation Organic compound Organic compound Organic acids, alcohols, H2 & CO2 
 
Reductive dehalogenation plays very important role in the detoxification of 
halogenated organic contaminants. Microorganisms catalyze a reaction in which 
halogen atom of contaminant is replaced by hydrogen atom. Thus the reaction adds 
two electrons to contaminant and reduces it. It yields no energy but seems to be 
detoxification mechanism as dehalogenated derivatives are less toxic and susceptible 
to further microbial decay. 
Cometabolism involves conversion reaction which yields no benefit to the 
cell. This non-beneficial transformation is often termed as secondary utilization, 
cometabolism or gratuitous metabolism. Co-metabolism is one form of secondary 
substrate transformation in which enzymes produced for primary substrate oxidation 
are capable of degrading the secondary substrate fortuitously, even though the 
secondary substrates do not afford sufficient energy to sustain the microbial 
population. It is thus defined as degradation of a compound only in presence of other 
organic compound that serves as a primary energy source. Several contaminants such 
as Polynuclear Aromatic Hydrocarbons (PAHs) and pesticides are degraded by this 
mechanism (Vidali, 2001; Adamson et. al., 2003 and Silva et. al., 2004).  

27

1.11 ADVANTAGES OF BIOREMEDIATION 
The important advantages of using bioremediation technologies for the 
treatment and clean-up of pesticide contaminated soil may include the following.  
(a) Bioremediation is a natural process and is therefore perceived by the 
public as an acceptable waste treatment process for contaminated 
material such as soil. The residues for the treatment are usually 
harmless products and include carbon dioxide, water, and cell biomass. 
(b) Theoretically, bioremediation is useful for the complete destruction of 
a wide variety of contaminants. Many compounds that are legally 
considered to be hazardous can be transformed to harmless products. 
This eliminates the chance of future liability associated with treatment 
and disposal of contaminated material. 
(c) Instead of transferring contaminants from one environmental medium 
to another, for example, from land to water or air, the complete 
destruction of target pollutants is possible. 
(d) Bioremediation can often be carried out on site, often without causing a 
major disruption of normal activities. This also eliminates the need to 
transport quantities of waste off site and the potential threats to human 
health and the environment that can arise during transportation. 
(e) Bioremediation can prove less expensive than other technologies that 
are used for clean-up of hazardous waste (Vidali, 2001). 

1.12 LIMITATIONS OF BIOREMEDIATION 
There are several limitations to bioremediation. The removal of pollutants by 
organisms is not a benevolent gesture. Rather, it is a strategy for survival. Most 
bioremediation organisms do their job under environmental conditions that suit their 
needs. In many instances the organism must be presented with low levels of the 
pollutant over a period of time. This induces the organism to produce the metabolic 
pathways needed to digest the pollutant. When using bacteria and fungi, it is usually 
necessary to add fertilizer or oxygen to the material containing the pollutant. This can 
be disruptive to other organisms when done in situ. In situations where simple 
compounds and metals are being taken up it is likely that these pollutants are at toxic 
levels for the organisms (EPA, 1984; Vidali, 2001 and Zeyaullah, 2009). 
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Although bioremediation appears to be a promising alternative for the 
remediation of pesticide-contaminated sites, it is still in the developmental phase. 
Many bench-scale projects are being conducted to optimize bioremediation protocols 
and to expand the number of compounds for which bioremediation is feasible. In 
general, bioremediation treatment still tends to require more time than thermal 
treatment. Even if the microorganisms are capable of detoxifying or metabolizing a 
compound, very high concentrations of contaminants can be toxic to them. Finally, 
those compounds that resist biodegradation, or recalcitrant compounds, are often not 
capable of efficient treatment using bioremediation and an alternative must be found 
(Bumpus et. al., 1987; Safferman et. al., 1995 and Osano et. al., 1999). 

The important disadvantages of bioremediation technologies that may limit the 
applicability and effectiveness of the process include the following.  
(a) Bioremediation is limited to those compounds that are biodegradable. 
Not all compounds are susceptible to rapid and complete degradation. 
(b) There are some concerns that the products of biodegradation may be 
more persistent or toxic than the parent compound. 
(c) Biological processes are often highly specific. Important site factors 
required for success include the presence of metabolically capable 
microbial populations, suitable environmental growth conditions, and 
appropriate levels of nutrients and contaminants. 
(d) It is difficult to extrapolate from bench and pilot-scale studies to full-
scale field operations. 
(e) Research is needed to develop and engineer bioremediation 
technologies that are appropriate for sites with complex mixtures of 
contaminants that are not evenly dispersed in the environment. 
Contaminants may be present as solids, liquids, and gases. 
(f) Bioremediation often takes longer than other treatment options, such as 
excavation and removal of soil or incineration. 
(g) Regulatory uncertainty remains regarding acceptable performance 
criteria for bioremediation. There is no accepted definition of “clean”, 
evaluating performance of bioremediation is difficult, and there are no 
acceptable endpoints for bioremediation treatments (Vidali, 2001). 
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1.13 CHARACTERISTICS OF STUDY SITES 
 In the current work, three Talukas (administrative zones of a district) of Rajkot 
district, viz. Rajkot taluka, Gondal taluka and Jetpur taluka were selected as study 
sites. The geographical, agro-climatic and other important characteristics of the 
selected study sites are as described in the following sections. 
 
 1.13.1 LOCATION
In Rajkot district, there are total 14 talukas and area of the District is 11043 
km2.  There are in total 856 villages and 13 cities in the district. There are in total 16 
major and minor rivers which pass throughout the district. Among these the main 
rivers are Bhadar, Aji, Machhu and Nyari, which are all seasonal and flow from East 
to West. Rajkot district has an average elevation of 134 meters (CSPC, 2008).  

Three important taluka of Rajkot district are selected for this study namely 
Rajkot taluka, Gondal taluka and Jetpur taluka. Major agricultural fields of these three 
talukas provide suitable diversity of agriculture and use of different pesticides also 
give rise to pesticide degrading microorganisms and plant diversity. The geographical 
location and other important information about the study site Rajkot district are as 
depicted in Table 1.8 and Figure 1.1. 
 
Table 1.8: Geographical location and other information about study site  
 
Sr. No. Items Information 
1 Geographical location 
70.20o to 71.40o East (Longitude) 
20.58o to 23.08o North (Latitude) 
2 Temperature 
41oC (Maximum) 
9oC (Minimum) 
3 Average Rainfall 540 to 600 mm 
4 Rivers Bhadar, Machh & Aji 
5 Area 11203 sq. km. 
6 Population 31,68,392 (Census-2001) 
7 Population Density 283 Persons per sq. km. 
8 Seismic Zone Zone III 
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Figure 1.1: Location of the study sites and insets are in the maps of India and Gujarat  
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1.13.2 CLIMATE 
 Rajkot has a tropical wet and dry climate, with hot, dry summers from mid-
March to mid-June, the wet monsoon season from mid-June to October, when the city 
receives average rainfall from 625-750 mm. November to February are mild, the 
average temperature being around 20°C, with low humidity (CSPC, 2008). 

One of the most important weather phenomena that are associated with the 
city of Rajkot is cyclone. The cyclones generally occur in the Arabian Sea during the 
months after the rainy season. The region experiences a lot of rainfall and high-speed 
winds during the time of the year after the monsoon season as well as the months of 
May and June. However, May and June experiences lesser amount of rainfall and 
winds than the post-monsoon time. Thunderstorms are another important part of the 
Rajkot weather in the months of June and July. During summer time, the temperature 
ranges between 24°C and 42°C. In the months of winter, Rajkot  temperature varies 
between 10°C and 22°C but on a whole winters are pleasant. Fog is one of the major 
phenomena of Rajkot climate during winter.  

1.13.3 SOILS 
Shallow medium black calcareous type of soils has developed from basaltic 
trap in Saurashtra from granite and gneiss parent material. Land of Rajkot taluka is 
cultivated forest and grass land type. Soil’s surface colour is very dark grey to dark 
greyish and dark brown. Depth of soil is moderate to deep 25-75 cm. Predominant 
texture of soil is clay loam to clay. General soil fertility is good with Nitrogen-
medium to high, Phosphorus low and Potash-high.  

1.13.4 AGRICULTURE
Agriculture in Gujarat forms a major part of the state economy. Agriculture, 
which is the main stay of the people in Gujarat, provides Gujarat with the required 
food grains, as well as it also contributes a major share for the adjoining areas. 
Despite of many hindrances, one of the vital part of Gujarat agriculture is that the 
cropping pattern in Gujarat is predominant with cash crops. The production of cotton 
in Gujarat is highest as compared to any part of the country. In Gujarat, major part of 
cotton cultivated lands fall under Saurashtra region which include Rajkot district. 
Some of the major crops grow in the selected study sites include 
Groundnut, Cotton, Pulses, Wheat, Bajra, Jowar, and Sugarcane.  
32

In the selected study sites, cotton is an important cash crop next to groundnut. 
Gujarat is the single largest cotton producer state with 36% of the total national 
production from the area of 23.90 lakh hectares. Saurashtra accounts 70 % area of the 
state and contributes 66 % in the total production of the state. Average lint production 
of the Saurashtra is 754 kg/ha as against 718 kg/ha of the state (2006-07). Among the 
different districts of Gujarat, Surendranagar ranks first in total cotton production of 
the state (22 %), followed by Rajkot (16.6 %), Bhavnagar (15.8 %), Vadodara (7.7 %) 
and Amreli (7.2 %). Thus cotton is very important crop of the Saurashtra region for 
sustainable agricultural production (SAP, Gujarat, 2009). Agro-climate features of 
Rajkot, Gondal and Jetpur talukas are depicted in Tables 1.9 and 1.10. 


Table 1.9: Agro-climatic features of Rajkot Taluka  
Sl. No. Agro-climatic parameters Information 
1 Agro-climate Zone North Saurashtra 
2 Rainfall (mm) 400 – 700 
3 Type of soil Shallow, medium black 
4 Soil characteristics & Land-use classification cultivated and grass land 
5 Surface colour Very dark brown to very grayish brown 
6 Depth of soil Moderately deep to deep 30 to 80 cm 
7 Predominant Texture clay loam to clay 
8 Soil Slope 1 to 3 %. 
9 General fertility 
Nitrogen medium to high, 
phosphorus low Potash low to 
medium 
10 Cation Exchange Capacity 40 to 60 
11 Electrical Conductivity Less than 1.0 mmhos/cm 
12 Exchangeable Sodium % Less than 15% ESP 
13 Order Inceptisols, Entisols 
14 Sub-order Ochrepts, Orthents, Psamments, Fluvents 
15 Crops Groundnut, Cotton, Wheat, Bajra, Jowar & Sugarcane 
       Source: State Agriculture Profile, Gujarat, 2009.
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Table 1.10: Agro-climatic parameters of Gondal and Jetpur Talukas 

Sl. No. Agro-climatic parameters Information 
1 Agro-climate Zone South Saurashtra 
2 Rainfall (mm) 625-750 
3 Type of soil Shallow medium black calcareous soils 
4 Soil characteristics & Land-use classification Cultivated, forest and grass land 
5 Surface colour Very dark grey to dark grayish and darkbrown 
6 Depth of soil Moderate to deep 25-75 cm 
7 Predominant Texture Clay loam to clay 
8 Soil Slope 1 to 3 % 
9 General fertility Nitrogen-Medium to high, Phosphorus low Potash-high 
10 Cation Exchange Capacity 30 to 35 me / 100 gms. of soil 
11 Electrical Conductivity Less than 1.0 mmhos / cm 
12 Exchangeable Sodium % 
Less than 15% ESP in the 
normal. More than 15% Coastal 
Soil 
13 Order Entisols, Inceptisols 
14 Sub-order Othents, Ochrepts, Psamments, Fluvents, aquepts 
15 Crops 
Groundnut, Cotton,  Pulses, 
Wheat, Bajra, Jowar, & 
Sugarcane 
          Source: State Agriculture Profile, Gujarat, 2009 
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2. LITERATURE REVIEW 
 
2.1 EVIDENCE FOR BIOREMEDIATION OF PESTICIDES 
 Availability of different pesticides in field provides exposure of several 
different kinds of microorganisms to pesticides. Most of the organisms die under toxic 
effect of pesticides but few of them evolve in different ways and use pesticide 
compounds in metabolism. Several reports are available indicating degradation of 
different pesticides when they are available in nature in excess (Horvath, 1972; 
Hussain et. al., 2007 and Lakshmi et. al., 2009). Successful removal of pesticides by 
the addition of bacteria (bioaugmentation) had been reported earlier for many 
compounds, including chlorpyrifos, endosulfan, parathion, coumaphos, ethoprop, and 
atrazine (Singh et. al., 2004). 
 
Past investigations on the microbial degradation of endosulfan have revealed 
various intermediates of metabolism including endosulfan-sulfate, -diol, -ether, -
lactone, -hydroxyether and -dialdehyde. Both the isomers, -endosulfan and -
endosulfan, are degraded by attack at the sulphite group via either oxidation to form 
the toxic metabolite, endosulfan sulfate, or by hydrolysis to form the nontoxic 
metabolite, endosulfan diol. Endosulfan sulfate is produced only through biological 
transformation, whereas, under alkaline conditions endosulfan is converted to diol 
(Bhalerao et. al., 2007). The majority of highly active fungi formed endosulfan 
sulphate as the major metabolite, whereas the majority of active bacteria formed 
endosulfan diol (Mukherjee et. al., 2005). 
 
In soil, endosulfan has been shown to be degraded by a wide variety of 
microorganisms. Many bacteria and fungi including Cornybacterium sp., Nocardia 
sp., Mycobacterium sp., Pseudomonas fluorescens, Penicillium sp., Aspergillus sp., 
Phanerochaete chrysosporium have been reported to be endosulfan degraders 
(Jayashree et. al., 2007). Klebsiella oxytoca, Bacillus spp., Pandoraea spp., and 
Micrococcus spp. are the bacteria reported to degrade endosulfan in solutions and 
soils. Many fungi have been tested for their ability to degrade endosulfan, including 
Aspergillus niger, Aspergillus terreus, Cladosporium oxysporum, Mucor
thermohyalospora, Fusarium ventricosum, Phanerochaete chrysosporium, 
Trichoderma harzianum (Bhalerao et. al., 2007).  
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A study of degradation of endosulfan by different bacterial and fungal cultures 
found that endodiol and endosulfate, respectively were the major metabolites 
accumulated. Besides, small amounts of endohydroxy ether and endolactone were 
also formed (Awasthi et. al., 1997). Endosulfan and endosulfan sulphate degrading 
mycobacterium had been isolated and characterized (Shivaramaiah and Kennedy, 
2006). The three bacterial strains, Pseudomonas spinosa, P. aeruginosa, and 
Burkholderia cepacia, were the most efficient degraders of both - and -endosulfan 
(Hussain, et al., 2007). 
 
It is reported that bacterial cultures are promising in the degradation of 
endosulfan compared to fungal cultures. In addition, endosulfan degradation was 
more successful with consortium of bacterial strains compared to bacterial isolates 
(Kumar and Philip, 2006). Singh et. al. studied degradation of endosulfan by mixed 
bacterial culture in aerobic and facultative anaerobic conditions via batch experiments 
with an initial endosulfan concentration of 50 mg/L. After 3 weeks of incubation, 
mixed bacterial culture was able to degrade 71.58 ± 0.2% and 75.88 ± 0.2% of 
endosulfan in aerobic and facultative anaerobic conditions, respectively (Singh, 
2008). Bioremediation of endosulfan is more beneficial under anaerobic condition 
because of the faster rates of hydrolysis and dehalogenation reactions (Kumar and 
Philip, 2006). 
 
Endosulfan detoxification in anaerobic condition occurs through two different 
pathways: (i) endosulfan hydrolyzed to endosulfan diol by enzymatic/chemical 
hydrolysis; (ii) formation of endosulfan monoaldehyde by bacterial metabolism 
(Kumar and Philip, 2006). But so far no case was reported on complete mineralization 
of endosulfan and little information is available on the endosulfan degradation 
pathway.  
 
Chlorpyrifos has been shown to be degraded co-metabolically in liquid media 
by bacteria (Mallick et. al., 1999 and Horne et. al., 2002). Pseudomonas aeruginosa is 
the most common Gram negative bacterium found in soil. Isolates of this bacterium 
have been found to have potential to degrade chlorpyrifos (Fulekar and Geetha, 2008). 
Enhanced degradation of chlorpyrifos by Enterobacter strain B-14 was reported by 
Singh et al.; 2004. Yang et al. (2005) isolated Alkaligenes faecalis DSP3, which is 
capable of degrading chlorpyrifos and 3, 5, 6-trichloro-2-pyridinol (TCP) (Rani, et. 
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al., 2008). A chlorpyrifos degrading Flavobacterium sp. is reported by Jilani and 
Khan (2004). Chlorpyrifos has been effectively degraded by two soil fungi, 
Trichoderma viride and Aspergillus niger (Mukherjee et. al.; 2004).  
 
A few chlorpyrifos-degrading bacteria, including Enterobacter strain B-14, 
Stenotrophomonas sp. YC-1, and Sphingomonas sp. Dsp-2, have been studied. 
Several chlorpyrifos-degrading fungi, such as Phanerochaete chrysosporium, 
Aspergillus terreus, and Verticillium sp. DSP have also been reported (Xu, 2007; Nair 
and Pradeep, 2007). The metabolism of chlorpyrifos by microorganism in soil has 
been reported by many scientists. Chlorpyrifos gets oxidized to exon analogue [O, O-
diethyl –O- (3,5,6-trichloro-2-pyridinyl) phosphate, III] of insecticide and finally into 
3,5,6-trichloropyridinol (II) (Mukherjee et. al., 2004). Robertson et al. reported that 
chlorpyrifos was readily hydrolyzed to 3, 5, 6-trichloro-2-pyridinol TCP in alkaline 
soil. Chlorpyrifos has been shown to be degraded co metabolically in liquid media by 
bacteria, and various opd genes have been isolated from different microorganisms 
from different geographical regions, some of which have been shown to hydrolyze 
chlorpyrifos (Singh et. al., 2003). Chlorpyrifos has been reported to be degraded co 
metabolically in liquid media by Flavobacterium sp. and also by an Escherichia coli 
clone with an opd gene (Singh, et. al., 2004). Yun Long Yu et. al. (2006) reported 
isolation and identification of a fungal strain capable of utilizing chlorpyrifos as sole 
carbon and energy sources from soil and degradation of chlorpyrifos in pure cultures 
and on vegetables by this fungal strain and its cell-free extract. Enhanced degradation 
of chlorpyrifos by Enterobacter strain B-14 was reported by Singh et al. Six 
chlorpyrifos-degrading bacteria were isolated using chlorpyrifos as the sole carbon 
source by an enrichment procedure (Rani, et. al., 2008). Chlorpyrifos hydrolysis was 
greatly accelerated under low moisture conditions, both in acidic and alkaline soils 
(Ajaz, et. al., 2005). Arthrobacter sp. strain B-5 hydrolyzed chlorpyrifos at rates 
dependent on the substrate. Chlorpyrifos (10 mg/L) was completely degraded in the 
mineral salts medium by Flavobacterium sp. ATCC 27551 for 24 h and by 
Arthrobacter sp. for 48 h, respectively. Chlorpyrifos in pure cultures and soil could be 
degraded by Aspergillus sp. Y and Trichoderma Pres. ex Fr Y, Alcaligenes faecalis 
DSP3, Fusarium LK. ex Fx, and Bacillus latersprorus DSP (Fang et. al., 2008). 
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A flavobacterium sp., isolated from diazinon-retreated rice fields, is probably 
the most versatile bacterium reported in literature, capable of hydrolyzing, with great 
ease, a variety of organophosphorus compounds [diazinon, parathion, methyl 
parathion, fenitrothion, coumaphos, diisopropyl fluorophosphate], widely differing in 
side chain and ring moiety. Another very efficient strain Pseudomonas paucimobilis 
strain EPA505 is capable of degrading fluoranthene, pyrene, benz-[]-anthracene, 
chrysene, benzo-[]-pyrene and benzo-[]-fluoranthene (Allard et. al., 1997). 
Recently, an Arthrobacter sp., isolated from a flooded soil retreated with methyl 
parathion could hydrolyze not only methyl parathion, but also parathion and 
fenitrothion. The rapid degradation of chlorpyrifos, added to a mineral salts medium 
as a sole carbon source or applied to the soil, by the Flavobacterium sp. ATCC 27551 
(isolated from diazinon-retreated rice fields) and the Arthrobacter sp. (isolated from a 
flooded soil retreated with methyl parathion) was reported by Mallick et. al. (1999). It 
was found that Phanerochete chrysosporium was responsible for the degradation of 
heptachlor (Arisoy, 1998). Soil bacteria that utilize several pesticides have been 
isolated from the soil. They include a metamitron-degrading Rhodococcus sp., as well 
as chlorpyrifos-degrading Flavobacterium sp. (ATCC 27551), Pseudomonas diminuta 
strain (Gm) and Pseudomaonas putida (Rani et. al., 2008). Anaerobic bacteria such as 
chlostridia, sulfate reducers, methanogens, Desulfovibrio species, and Fe (III)-
reducing bacteria can reduce nitroaromatic compounds (Iwamoto and Nasu, 2001). 
Degradation of monocrotophos and quinalphos is successfully done by the use of both 
green and blue-green algae (Mukherjee et. al., 2004). 
 
2.2 BIODEGRADING CAPABILITIES OF FUNGI 
Many fungi have been tested for their ability to degrade endosulfan, including 
Aspergillus niger, Aspergillus terreus, Cladosporium oxysporum, Mucor 
thermohyalospora, Fusarium ventricosum, Phanerochaete chrysosporium, 
Trichoderma harzianum (Bhalerao et. al., 2007). White-rot fungi are able to degrade a 
wide variety of environmental pollutants to carbon dioxide, including a number of 
chlorinated pollutants such as DDT[1,1,1-trichloro-2,2-bis (4-chlorophenyl) ethane], 
Lindane (1,2,3,4,5,6-hexachlorocyclohexane), chlordane (1,2,4,5,6,7,8,8- octachloro-
3a,4,7,7a- tetrahydro-4-7, methanoindan) polychlorinated biphenyls,2,3,7,8-
TCDD(2,3,7,8-tetrachlorodibenzo-p-dioxin) and 3,4 dichloroaniline (Arisoy, 1998).  
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The commonly studied white rot fungus Phanerochaete chrysosporium has 
been shown to degrade and mineralize a wide variety of industrial and agricultural 
pollutants. Enzymes involved in degradation of pollutants in P. chrysosporium are 
found to be lignin peroxidases (LiP), and manganese-dependent peroxidases (MnP), 
have also been shown to facilitate both reductive and lipid peroxidation-mediated 
degradation of environmental pollutants. It is also reported that P. chrysosporium is 
capable of degrading several chlorinated xenobiotics under conditions which do not 
favour the production of LiP and MnP. P. Chrysosporium is capable of degrading 
several chlorinated xenobiotics under conditions which do not favor the production of 
lignin peroxidises (LiP) and manganese-dependent peroxidises (MnP) (Kullman and 
Matsumura, 1996). Treatment with basidiomycetous fungi or their lignin-degrading 
enzymes, lignin peroxidase, manganese-dependent peroxidase and laccases has been 
widely reported. These act on a broad range of substrates and hence are able to 
degrade several xenobiotics including synthetic dyes (Verma et. al., 2009).  
 
Basidiomycetous fungi, ascomycetous and hyphomycetous fungi isolated from 
marine environments are reported for having capabilities of degradation of effluent 
from textile industries. A few fungi belonging to the class zygomycetes and 
Aspergillus spp. have been demonstrated to decolorize and detoxify textile 
wastewaters. Verticillium sp. and Brassica chinensis are reported for degradation of 
chlorpyrifos in culture medium ranging from 1 to 100 mg/L. Methods of in-situ 
bioremediation of Verticillium sp. are also developed and achieved good results 
(Verma et. al., 2009). Some of the well known fungi like Penicillium chrysogenum, 
Scedosporium apiospermum, Penicillium digitatum and Fusarium solani are also 
reported for degradation capabilities of Polychlorinated biphenyls (PCB). These fungi 
show the involvement of non ligninolytic enzymes for degradation of PCBs (Tigini et. 
al., 2009). Hydrocarbon degrading fungi are also studied for degradation of 
contamination in soil (Meysami and Baheri, 2003). 
2.3 BIODEGRADING CAPABILITIES OF BACTERIA  
Bacteria use natural organics such as proteins, carbohydrates, and many others 
as carbon and energy sources. Many of the xenobiotic compounds of environmental 
concern are naturally occurring relatives of these organics. For other xenobiotics, 
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repeated exposure has resulted in the adaptation and evolution of bacteria capable of 
metabolizing these man-made compounds (Zhang and Bennett, 2005). 
 
Degradation strategies exhibited by microorganisms include: cometabolism - 
the biotransformation of a molecule coincidental to the normal metabolic functions of 
the microbe; catabolism- the utilization of the molecule as a nutritive or energy 
source; and extracellular enzymes (phosphatases, amidases and laccases) - secreted 
into the soil, which can act on the molecule as a substrate. Three basic types of 
reactions can occur: degradation, conjugation, and rearrangements, and all of which 
can be microbially mediated. Complete degradation of a chemical in the soil to carbon 
dioxide and water involves many different types of reactions. Microorganisms are key 
players in determining the environmental fate of novel compounds because they can 
be used as carbon and energy sources by microorganisms (Singh et. al., 2002). 
 
Attention has focused on the isolation of bacteria that play a role in the 
degradation of two types of compounds due to their widespread environmental 
problems: the petroleum hydrocarbons; and chlorinated compounds including the 
pesticides. Following the discovery of the insecticidal properties of DDT in the late 
1930s, its subsequent use and the awareness of its environmental persistence, more 
than 300 bacterial strains have been shown to degrade DDT (Zhang and Bennett, 
2005). In the similar way, discovery of toxic effect of other pesticides result in 
discovery of their degrading organisms. However, after 50 years of research on 
microbial biodegradation, detailed knowledge about biodegradative pathways is 
available for only about 900 chemical species (Gomez et. al., 2007). Pseudomonas 
aeruginosa, Clavibacter michiganense, Arthrobacter atrocyaneus, Bacillus
megaterium and Pseudomonas mendocina, Agrobacterium radiobacter and other 
Pseudomonas species have been reported to degrade Monocrotophos in solutions and 
soils (Bhalerao et. al., 2009). 
 
Certain rhizospheric organisms were also reported to be involved in 
degradation of pesticide contaminants. Evidence from degradation studies in a 
rhizosphere system suggests that a diverse and synergistic microbial community, 
rather than a single microorganism, is involved in the enhanced degradation of 
xenobiotics. Organisms found in rhizosphere of bioremediation sites are Bacillus sp., 
ectomycorrhizal fungi and Trichoderma harzianum (Singh et. al., 2002). 
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2.4 EVIDENCE FOR CONTAMINANT DEGRADATION BY FUNGI 
Biodegradation of the pollutants was observed only during secondary 
metabolism, occurring at high rates only under conditions of nutrient limitation, and is 
cometabolic, i.e. a primary growth substrate such as cellulose or glucose is required 
(Arisoy, 1998). Many fungi are reported to metabolize polycyclic aromatic 
hydrocarbons (Alcalde et. al., 2002). Fungal species that have demonstrated 
significant potential to metabolize PAHs are the Zygomycete Cunninghamella
elegans, the Ascomycetes Aspergillus niger and Penicillium sp., and the white-rot 
Basidiomycetes Phanerochaete chrysosporium, Trametes versicolor, Pleurotus 
ostreatus, and Bjerkandera sp. Nonbasidiomycete fungi oxidize PAHs rather than 
mineralizing during the initial metabolism. Some white-rot Basidiomycetes have the 
ability to cleavage benzene rings and mineralize PAHs. The genera of fungi from 
various ecological groups are also able to degrade PAHs and dye color like 
Phanerochaete chrysosporium, Polyporus ostreiformis, Coriolus versicolor, Trametes 
versicolor, Aspergillus spp., Penicillium spp. etc. (Singh, 2006). 
 
The chlorinated insecticides, including DDT, aldrin, dieldrin, heptachlor, 
endrin, chlordane, and endosulfan, are of major environmental concern. Trametes 
versicolor, Aspergillus spp., Phanerochaete chrysosporium, White-rot fungus, 
Coriolus versicolor etc are capable of degradation of chlorinated pesticides. The 
organophosphorus insecticides include chlorpyrifos, malathion, parathion etc. are 
moderately persistent. Alternaria alternata, Cephalosporium sp., Cladosporium
cladosporioides, Cladorrhinum brunnescens, Fusarium sp., Rhizoctonia solani, and 
Trichoderma viride, reveal the degradation of chlorpyrifos in liquid culture (Singh, 
2006). A fungus capable of utilizing carbofuran as a sole carbon and energy source 
was characterized and identified as being a member of the genus Gliocladium (Slaoui 
et. al., 2007). Microorganisms responsible for bio-degradation of hydrocarbons are 
capable to utilize pesticide namely K-othrin, dichlorvos and carbofuran as sole carbon 
and energy source (Odokuma and Akubuenyi, 2008).  
 
Thus, environmental contaminants are a big threat for environment but recent 
reports of capability of diversified fungi to utilize contaminants in different 
biochemical processes of primary and secondary processes provide some hopes for 
development of in-situ bioremediation process to get successful results. 
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2.5 EVIDENCE FOR CONTAMINANT DEGRADATION BY BACTERIA 
The bacterial degradation of various contaminants varies greatly with their 
nature and the prevailing environmental conditions. The degradations of various 
contaminants by bacteria under different conditions are described under following 
sections.  
  
2.5.1 ANAEROBIC DEGRADATION 
Several bacteria degrade the contaminants under anaerobic conditions. The 
anaerobic degradation of various contaminants by bacteria is as given below.  
(a) Hydrocarbons 
Until now, degradation of aromatic hydrocarbons has been limited to 
monocyclic representatives-particularly toluene, and there is only 
circumstantial evidence so far of the degradation of naphthalene and 
phenanthrene coupled to sulphate reduction under anaerobic condition. 
(b) Phenols 
The anaerobic degradation of phenol generally proceeds by carboxylation, 
followed by dehydroxylation and fission of the ring after partial reduction. 
Degradation of o-cresol and m-cresol has been observed under methanogenic 
conditions (Allard et. al., 1997). 
(c) PAHs 
Bactteria like Acidovorax, Bordetella, Pseudomonas, Sphingomonas, and 
Variovorax are reported to degrade PAHs anaerobically. Many other 
anaerobic bacteria are also reported but efficiency is not well as compare to 
aerobic bacteria (Zhang and Bennett, 2005).  
(d) Pesticides 
Aerobacter aerogenes, K. pneumoniae, N. vulgaris are anaerobic DDT-
degrading bacteria. Dehalospirilum multivorans preferentially dechlorinates 
many pesticides. Flavobacterium sp. attacks P-insecticides including diazino 
and parathion. K. pneumoniae uses chlorinated s-triazines as the sole N 
source. Many other organisms are also capable to utilize different pesticides 
but anaerobic metabolism of pesticide is not so energetically efficient. 
 
Anaerobic degradation of some chemical groups of pollutants by well studied 
group of organisms is described in Table 2.1. 
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Table 2.1: Anaerobic degradation of some pollutants by different bacteria  
 
Compound/Pollutants Name of Bacteria 
PAHs
Acidovorax, Bordetella, 
Pseudomonas, Sphingomonas, 
Variovorax, etc. 
Chlorinated pesticides Aerobacter aerogenes,K. pneumonia, N. vulgaris, etc.
P-based pesticides Flavobacterium sp., etc.
               Source: Zhang and Bennett, 2005 
 
 
2.5.2 AEROBIC DEGRADATION 
Most of the information available on the biodegradation of pollutants is on 
oxidative degradation, since aerobic culture techniques are relatively simple, 
compared with anaerobic culture methods. Also, aerobic processes are considered the 
most efficient and generally applicable. Aerobic degradation is dependent on the 
presence of molecular oxygen and is catalyzed by enzymes that have evolved for the 
catabolism of natural substrates and exhibit low specificities (Dua et. al., 2002). 
 
There are numerous bacteria which degrade the contaminants under aerobic 
condition. The aerobic degradation of contaminants by bacteria is as presented below.  
(a) Hydrocarbons 
Proteobacteria, Pseudomonas, Cycloclasticus and Alcanivorax group of 
organisms are isolated from petroleum polluted environments. Petroleum 
contaminated sea area is being home for such bacteria (Watanabe, 2001). 
(b) PAHs 
Burkholderias, Sphingomonas and Mycobacterium sp. are reported as PAH-
degrading bacteria but still mechanism for metabolism of PAHs is not known 
(Watanabe, 2001). Bacteria vary considerably in their capacity to degrade a 
range of PAHs. Some degrade only the more readily degradable naphthalene 
and phenanthrene, whereas some can degrade fluoranthene, pyrene, benz-[]-
anthracene, chrysene, benzo[]pyrene and benzo-[]-fluoranthene like 
Pseudomonas paucimobilis (Allard et. al., 1997). 
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(c) Metal bioremediation 
Recent studies have applied molecular tools to the analysis of bacterial and 
archaeal populations that are capable of surviving in metal-contaminated 
environments. The study found that two sequence groups affiliated with the -
Proteobacteria and Actinobacteria were frequently obtained from clone 
libraries from the metal-contaminated soil. 
(d) Pesticides 
Pseudomonas sp., Flavobacterium sp., Agrobacterium sp., Clostridium sp., 
Ralstonia sp. etc are reported for degradation of many pesticides like 
Alachlor, Chlorpropham, DDT, Lindane etc. The microbial hydrolysis of 
organophosphorus pesticides by Pseudomonas putida and Flavobacterium sp. 
is carried by membrane bound enzymes. Genes of these enzymes are also 
found on plasmids (Allard et. al., 1997). 
 
2.6 SOIL CONTAMINATION AND ENVIRONMENTAL
       HAZARDS OF PESTICIDES  
The need to increase world food production for the rapidly growing population 
is well recognized. One of the strategies to increase crop productivity is effective pest 
management because more than 45% of annual food production is lost to pest 
infestation. In tropical countries, crop loss is even more severe because the prevailing 
high temperature and humidity are highly conductive to rapid multiplication of pests. 
Thus, the application of a wide variety of pesticides on crop plants is necessary in the 
tropics to combat pests and vector borne diseases. Malpractice in pesticide application 
attributes greatly to the environmental and health hazard. Experiences with farmers on 
health implications of pesticides in Punjab revealed that incidences of occurrence of 
cancer, kidney failure, still birth, infertility, etc. have been substantially increased 
(Abhilash and Singh, 2009). More than 2500 pesticides are currently in use in the 
world (Singh, 2006). Some of the hazardous pesticides widely used in India are as 
highlighted in Table 2.2.  
 
Recent evidence indicates that pesticides may damage the immune system and 
can mimic hormones and may thus disrupt the endocrine system in both humans and 
animals, causing a variety of disorders. It is important to consider the potential of 
pesticides for adverse effects on the soil micro flora, which has a critical role in the 
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maintenance of soil fertility. A large number of studies have shown that the effect of 
properly applied pesticides on the functioning of the soil microbial process often is 
limited, as affected soil organisms can be replaced by more resistant ones. However, it 
is hard to predict the long-term effects of such structural changes in the soil micro 
flora (Hayo et. al., 1996). 
 
Table 2.2: Some of the hazardous pesticides commonly used in India 
 
Pesticide 
Category Nature Pesticide Chemical family 
I
Extremely 
Hazardous 
Phorate Organophosphate 
II
Highly 
Hazardous 
Monocrotophos, 
Carbofuran 
Organophosphate 
Carbamate 
III
Moderately 
Hazardous 
Endosulfan, 
Chlorpyrifos, 
DDT 
Organochlorine 
Organophosphate 
Organochlorine 
               Source: WHO, Datasheet on pesticides, 1975.  
             
2.6.1 HAZARDS OF INSECTICIDES 
The preponderance of neurologic and mental illnesses among the reported 
health problems is compatible with the fact that endosulfan is a known neurotoxicant, 
blocks the inhibitory receptors of the central nervous system, disrupts the ionic 
channels, and destroy the integrity of the nerve cells. Endosulfan is also an endocrine 
disruptor. Even low levels of exposure during pregnancy could result in various forms 
of endocrine disrupting effects in the offspring, including mental retardation, 
reproductive organ anomalies, developmental disorders, behavioral disorders later in 
life and many others (Abhilash and Singh, 2009). In general, it has been observed that 
organophosphorus pesticides are responsible for death in more than 70% cases and 
intentional poisonings make up a large proportion of the poisonings by pesticides of 
high toxicity in certain developing countries (Gupta, 2004). 
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2.6.2 HAZARDS OF HERBICIDES 
The use of herbicides in large amount may pollute aquatic ecosystems and 
impose undesirable side effects on biological and functional properties. Herbicides 
can affect the structure and function of biological communities through altering 
species composition. About 40 different herbicides ranging in 18 different chemical 
classes and having 9 different mode of actions i.e. photosynthetic process, cell 
division, lipid synthesis, acetyl-coenzyme-A carboxylase (ACCase), acetolactate 
synthase (ALS), 5-enolpyruvylshikimate-3-phosphate (EPSP) synthase, glutamine 
synthase, hormone synthesis, and protoporphyrinogenoxidase-inhibiting herbicides 
had been studied. The toxic effect of herbicides had been studied on different green 
algal species i.e. R. Subcapitata, Scenedesmus obliquus, Chlorella vulgaris, and 
Chlorella pyrenoidosa. The decreasing order of the average acute toxicity to green 
alga of herbicides was as follows: photosynthetic process > cell division > lipid 
synthesis, acetyl-CoA carboxylase > acetolactate synthase > EPSP synthase, 
glutamine synthase, hormone synthesis > protoporphyrinogen oxidase (Ma et. al., 
2006). 
 
Herbicides are utilized to control undesirable or noxious plant growth, 
generally called weeds, in the crop production but also in non-crop areas, where it is 
necessary to limit the plant growth. Herbicide degradates have also been shown to 
have similar chronic toxicity as their parent compounds. Thus, it is possible for 
herbicide degradates to not only retain the herbicidal activity and acute toxicity of 
their parent compounds, but also retain similar chronic deleterious effects (such as 
reproductive, developmental, and neural-behavioral toxicity) that have been identified 
for some herbicides (Kolpin et. al., 1998). 
2.6.3 HAZARDS OF FUNGICIDES 
Like other pesticides, fungicides are bio-toxicants, which interfere not only 
with the biochemical and physiological reactions of the target plant pathogens, but 
may also influence populations or activity of other non-target microorganisms (Chen 
et. al., 2001). Post-harvest pesticides and fungicides, which are used for exported and 
imported agricultural products, have a negative impact on the human body 
(Maruyama et. al., 2007). 
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Fungicides like benomyl, captan and chlorothaloni could lead to an immediate 
reduction in microbial respiration and biomass. Because of the effects of these 
fungicides on fungal-to-bacterial ratios, and their potential impacts on non-target 
organisms, other nitrogen transformations, such as nitrification and denitrification, 
could also be influenced. When such changes in nitrogen availability and 
transformations occurred, this could have lasting impacts on both the composition and 
activity of the microbial communities, which in turn could have lasting effects on 
nitrogen dynamics. Soil respiration has been reported to be inhibited after application 
of fungicides for a short time. Benomyl can inhibit nitrification, increase the rates of 
nitrate accumulation or have no influence on this process. All three fungicides had 
some inhibitory effects on soil microbial activity and biomass, but soil dehydrogenase 
activity was increased by the three fungicide treatments (Chen et. al., 2001). 
2.7 EVIDENCE FOR PESTICIDE DEGRADATION IN SOIL BY FUNGI 
The commonly studied white rot fungus Phanerochaete chrysosporium has 
been shown to degrade and mineralize a wide variety of industrial and agricultural 
pollutants. Enzymes involved in degradation of pollutants in P. chrysosporium are 
found to be lignin peroxidases (LiP) and manganese-dependent peroxidases (MnP). 
It’s also reported that P. chrysosporium is capable of degrading several chlorinated 
xenobiotics under conditions which do not favour the production of LiP and MnP 
(Kullman S.W.; et. al., 1996). Degradation of endosulfan was reported by Aspergillus 
niger, Trichoderma harzianum, Phanerochaete chrysosporium, and Mucor 
thermohyalospora MTCC-1384 (Siddique et. al., 2003). Compared to most degrading 
enzymes of bacteria which have narrow substrate specificity, the ligninolytic enzymes 
of these fungi are very nonspecific and extracellular. Therefore, white rot fungi can 
degrade various insoluble organic pollutants simultaneously (Han et. al., 2004). 
Phanerochaete chrysosporium has emerged as a model system for studying the fungal 
degradation of xenobiotics (Childress et. al., 1998).  
 
2.7.1 FUNGAL DEGRADATION OF INSECTICIDES 
Many fungi have been tested for their ability to degrade endosulfan, including 
Aspergillus niger, Aspergillus terreus, Cladosporium oxysporum, Mucor 
thermohyalospora, Fusarium ventricosum, Phanerochaete chrysosporium, 
Trichoderma harzianum (Bhalerao et. al. 2007). Fungal degradation of chlorpyrifos 
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was reported by Verticillium sp. DSP in pure cultures and its use in bioremediation of 
contaminated soil (Fang et. al., 2008). A fungal strain capable of utilizing chlorpyrifos 
as sole carbon and energy sources from soil and degradation of chlorpyrifos in pure 
cultures and on vegetables by this fungal strain and its cell-free extract is also 
reported. This strain was identified as an unknown species of Verticillium. It opens a 
new research direction for development of novel bioremediation process (Yu et. al., 
2006). The chlorinated pyridinyl ring of chlorpyrifos undergoes cleavage during 
biodegradation by P. chrysosporium. But the degradation of chlorpyrifos proves more 
efficient by mixed populations than by pure cultures of fungi. Mixed population of 
fungi, such as Alternaria alternata, Cephalosporium sp., Cladosporium
cladosporioides, Cladorrhinum brunnescens, Fusarium sp., Rhizoctonia solani, and 
Trichoderma viride, reveal the degradation of chlorpyrifos in liquid culture more 
efficiently (Singh, 2006). 
 
2.7.2 FUNGAL DEGRADATION OF HERBICIDES 
The role of fungi in the detoxification of herbicides has been known for 
several decades. P. chrysosporium can mineralize 2,4-D and mixtures of 2,4-D and 
2,4,5-T. Penicillium sp. utilize 2,4-D as a carbon source. A strain of Aspergillus niger 
dechlorinates 2,4-D prior to ring cleavage. Species of Penicillium and Pullularia and 
Fusarium solani utilize most of Acylanilides (propanil, alachlor, butachlor, 
propachlor, metolachlor, karsil, dicryl, and others) as the sole sources of carbon and 
energy. Phenylureas are one of the most prominent and diversified groups of 
herbicides. Major phenylureas of environmental concern are linuron, diuron, 
chlortoluron, and isoproturon. Fungi such as Aspergillus niger, Geotrichum
candidum, Trichoderma viride, and Cladosporium sp. are efficiently capable in 
biodegradation of phenylureas (Singh, 2006). 
2.7.3 FUNGAL DEGRADATION OF FUNGICIDES 
Organosulfur fungicides include the dithiocarbamates which are actively 
degraded by Pythium ultimatum, Rhizoctonia solani and a white-rot fungi Stereum
hirsutum. Organophosphorus fungicides like pyrazophos, inezin etc. are also reported 
to be degraded by Pyricularia oryzae. Aromatic and Heterocyclic fungicides like 
quintozene and benzimidazoles are reported to be degraded by Rhizoctonia solani, 
Coriolus versicolor and Stereum hirsutum (Singh, 2006). 
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2.8 EVIDENCE FOR PESTICIDE DEGRADATION IN SOIL BY BACTERIA 
As described in section 2.7, pesticides are divided into three categories based 
on their applications: insecticides, herbicides, and fungicides. The evidence for 
bacterial degradation of each class of pesticide is as described below. 
 
2.8.1 BACTERIAL DEGRADATION OF INSECTICIDES 
Bacteria capable to uptake and degrade various insecticides are isolated from 
various sources (Singh et. al., 2004; Saier, 2005; McGuinness and Dowling, 2009). 
Some of the widely used insecticides like Carbofuran and DDT are degraded by 
bacteria like Alcaligenes, Flavobacterium, Pseudomonas and Rhodococcus (Aislabie 
et. al., 1995). A widely available insecticide alpha- endosulfan, beta-endosulfan is 
degraded by single bacteria like Klebsiella oxytoca, Bacillus spp., Pandoraea sp., 
Micrococcus sp. and by mixed bacterial co-culture (Bhalerao and Puranik, 2007). 
Flavobacterium sp., Pseudomonas diminuta, Pseudomonas putida, Enterobacter 
Strain B-14 were isolated from chlorpyrifos contaminated sites and showed 
degradation capacity for chlorpyrifos (Singh et. al., 2004). 
 
2.8.2 BACTERIAL DEGRADATION OF HERBICIDES 
Several phenylurea herbicides and their metabolites have been detected as 
contaminants of groundwater, rivers and streams, lakes and seawater in different parts 
of the world. Bacillus sphaericus is able to degrade certain herbicides at moderate 
efficiency (Sorensen et. al., 2003).  
 
2.8.3 BACTERIAL DEGRADATION OF FUNGICIDES 
Fungicides like triticonazole were reported as very less susceptible to bacterial 
degradation but Beigel et.al. (1999) reported that it is degraded in natural soil by some 
organisms, probably bacteria. B. Sphaericus, N. Catarrhalis, P. aeruginosa are able to 
degrade different fungicides in soil and lab conditions (Engelhardt et. al., 1973).  
2.9 BIOREMEDIATION OF CHLORPYRIFOS BY BACTERIA 
Microbial degradation of organophosphate pesticides like chlorpyrifos is of 
particular interest because of the high mammalian toxicity of such compounds and 
their widespread and extensive use. Pseudomonas aeruginosa is the most common 
Gram negative soil bacterium found to be most potent to degrade chlorpyrifos 
(Fulekar and Geetha, 2008). Chlorpyrifos has been reported to be degraded 
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cometabolically in liquid media by Flavobacterium sp. and also by an Escherichia 
coli clone with an opd gene. The degradation of chlorpyrifos was reported in mineral 
salt medium by an Arthrobacter species that was initially isolated from methyl 
parathion-enriched soil (Mallick et. al., 1999).  
 
A flavobacterium sp., isolated from diazinon-retreated rice fields is probably 
the most versatile bacterium capable of hydrolyzing a variety of organophosphorus 
compounds like diazinon, parathion, methyl parathion, fenitrothion, coumaphos, 
diisopropyl fluorophosphate. Recently, an Arthrobacter sp. isolated from a flooded 
soil retreated with methyl parathion could hydrolyze not only methyl parathion, but 
also parathion and fenitrothion. Both Flavobacterium sp. ATCC 27551 and 
Arthrobacter sp. effected very rapid degradation of chlorpyrifos, added to the mineral 
salts medium as a sole carbon source (Mallick et. al., 1999). Pseudomonas
aeruginosa, Bacillus cereus, Klebsiella sp., and Serratia marscecens obtained from 
consortia showed 84, 84, 81, and 80% degradation of chlorpyrifos (50 mg/L) in liquid 
medium after 20 days and 92, 60, 56, and 37% degradation of chlorpyrifos (50 mg/L) 
in soil after 30 days. Some recent reports indicate bacterial degradation of 
chlorpyrifos by Flavobacterium sp. ATCC 27551 and Arthrobacter sp., isolated from 
contaminated sources, which degrade chlorpyrifos cometabolically, and Enterobacter 
strain B-14, Alcaligenes faecalis, and Klebsiella sp., which degrade and utilize 
chlorpyrifos as sole carbon source (Xu, 2007 and Lakshmi et. al., 2009). 
2.10 BIOREMEDIATION OF ENDOSULFAN BY BACTERIA 
Microbial degradation of endosulfan may play important role in detoxifying 
the endosulfan by different groups of microorganism. The three bacterial strains, 
Pseudomonas spinosa, P. aeruginosa, and Burkholderia cepacia were reported to be 
the most efficient degraders of both - and -endosulfan (Hussain et. al., 2007). Many 
bacteria including Cornybacterium sp., Nocardia sp., Mycobacterium sp., 
Pseudomonas fluorescens, Phanerochaete chrysosporium have been reported to be 
endosulfan degraders and are used to develop techniques of bioremediations on 
endosulfan (Jayashree et. al., 2007). Pseudomonas aeruginosa is able to achieve 94% 
degradation of endosulfan in contaminated soil (Weir et. al., 2006). 
 
Several studies have reported the isolation of bacterial co-culture and mixed 
cultures capable of degrading endosulfan. Sutherland et al. selected microorganisms 
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for their ability to this insecticide as a source of sulfur for bacterial growth 
(Sutherland et. al., 2000). A bacterial co-culture was isolated using endosulfan as a 
sole carbon source (Awasthi et. al., 1997). Molecular characterization based on 16s 
rDNA gene sequence analysis of bacterial colonies isolated from endosulfan 
contaminated soil showed the presence of Ochrobacterum sp, Burkholderia sp, 
Pseudomonas alcaligenes, Pseudomonas sp and Arthrobacter sp which degraded 57-
90% of -endosulfan and 74-94% of -endosulfan after seven days.  
 
In endosulfan-contaminated soil, Gram negative bacteria were predominant 
and amongst them, Pseudomonas sp and P. alcaligenes showed the maximum 
utilization of endosulfan (Kumar et. al., 2008). A mixed bacterial culture, isolated by 
selective enrichment on endosulfan was used for remediation experiment. It consists 
of three strains, i.e. Staphylococcus sp., Bacillus circulans-I and -II. The results 
showed that, the enriched mixed bacterial consortium can be effectively used for the 
treatment of endosulfan contaminated water and soil (Kumar and Philip, 2006). 
2.11 ENVIRONMENTAL FACTORS AFFECTING  
        BIOREMEDIATION PROCESS
Pesticide degradation in soil can be influenced by both biotic and abiotic 
factors, which act in tandem and complement one another in the microenvironment. A 
bioremediation process is based on the activities of aerobic or anaerobic heterotrophic 
microorganisms.  
 
Microbial activity is affected by a number of physicochemical environmental 
parameters. The factors that directly impact on bioremediation are energy sources 
(electron donors), electron acceptors, nutrients, pH, temperature, and inhibitory 
substrates or metabolites. Soil contaminated with various organic recalcitrant 
compounds is a very widespread problem throughout the world, particularly in 
industrialized areas. There are many reasons for organic compounds being degraded 
very slowly or not at all in the soil environment.  
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Some of the important factors affecting bioremediation process of pesticides are as 
described below: 
(a) Temperature 
The prevailing soil temperature significantly affect the microbial activity and 
therefore, microbial degradation of pesticides. The lower soil temperature 
reduces the efficiency of microbial degradation of soil contaminants. 
Generally, the microbial degradation of pesticides hastens at higher soil 
temperature.  
(b) Anaerobic conditions 
Degradation of pesticides in anaerobic conditions is slow; some compounds 
are not degraded anaerobically and some are degraded only partly and may 
give rise to toxic compounds. 
(c) Level of nutrients and co-substrates 
A contaminated site usually has a sub-optimal nutrient balance. The level of 
nutrients and presence of co-substrates in the soil significantly affect the 
extent of microbial degradation of pesticides. 
(d) pH 
The rate of degradation of different pesticides varies considerably with the 
increase or decrease in soil pH. The degradation rate of various pesticides is 
strongly related to soil pH. 
(e) Inoculums 
Several researchers have demonstrated that the degradation of pesticides in 
soil can be accelerated by inoculation with appropriate microorganisms. 
Successful inoculation has been shown to depend on inoculums density, on 
pollutant bio-availability and on soil conditions such as moisture, temperature, 
pH and organic matter content (Karpouzas and Walker, 2000). 
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          3. AIM AND OBJECTIVES 
3.1 BACKGROUND 

Expansion of agricultural activities in recent decades has led to pollution of 
soil and groundwater with pesticides. Physical and chemical methods for soil clean up 
are very expensive, and thus it is of great interest to assess the potential use of 
microbes in the bioremediation of pesticide-contaminated soil. 

Microbial metabolism is probably the most important pesticide degradative 
process in soils and is the basis for bioremediation, as the degrading microorganisms 
obtain carbon, nitrogen or energy from the pesticide molecules. The process of 
bioremediation aims to reduce pollutant levels to undetectable, nontoxic or acceptable 
levels. Ideally, bioremediation aims to completely mineralize organopollutants to 
carbon dioxide and water. From an environmental point of view this total 
mineralization is desirable as it represents complete detoxification. 

The bioremediation technology offers the potential to treat contaminated soil 
and groundwater on-site without the need for excavation and thus, it requires little 
energy input and preserves the soil structure. Perhaps the most attractive feature of 
bioremediation is the reduced impact on the natural ecosystems, which should be 
more acceptable to the public and regulatory authorities. Therefore, it becomes 
apparent that more detailed studies of the principles of bioremediation and the 
development of efficient and economical methods of decontamination are needed to 
solve the hazardous waste problem of pesticide contaminated soil. Keeping in view 
the importance of bioremediation, the present study was carried out to develop a 
suitable, efficient, economical and eco-friendly bio-treatment process for the 
bioremediation of pesticide-contaminated soils in the Rajkot district of Gujarat, India.

3.2 EXPLANATION
According to the literature surveyed, it is clear that if favourable nutritional 
and environmental conditions occur, the bacteria are able to readily incorporate the 
simple organic substances into their cells and oxidize them. However, degradation of 
complex organic compounds with longer molecular structures is slower. Some 
compounds are so complex that they cannot be degraded at all, which are termed as 
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recalcitrant or refractory compounds. Still other may be toxic and thus inhibit the 
growth of microorganisms and their metabolic activity. Such compounds need special 
techniques or integration of physico-chemical and biological techniques for effective 
remediation. It has been found that many native bacterial isolates play significant role 
in bioremediation as they generate the enzymes that catalyze the degradative 
reactions. The microorganisms like bacteria use organic substances as a source of 
carbon and energy. Thus while transforming the contaminant bacteria gain energy and 
raw material for their multiplication and maintenance. 
Due to environmental concerns associated with the accumulation of pesticides 
in food products and water supplies there is a great need to develop safe, convenient 
and economically feasible methods for pesticide remediation. For this reason several 
biological techniques involving biodegradation of organic compounds by 
microorganisms have been developed. Many bacteria such as Pseudomonas sp., 
Bacillus sp., Arthrobacter sp. etc. are widely detected in the pesticide contaminated 
soil due to their extensive biodegradation capacities. The metabolic range of naturally 
occurring microbiota may not be capable of degrading certain compounds or certain 
classes of compounds. There it may be necessary to supplement with the specialized 
microbes. One way of developing such specialized microbes is by repeatedly 
exposing them to higher concentration of contaminants. Often the microorganisms 
with specialized degradation ability can also be enriched from the contaminated site. 
Most reported research on pesticide remediation in soil has been concerned 
only with single pesticides. However, in contaminated soils pesticides are more 
commonly found in mixtures. Very few studies have examined the degradation of 
mixtures of pesticides. It is important to examine how the clean-up process is affected 
by environmental factors and soil amendments. It is also important to examine what 
enzymatic changes are triggered in the bioremediation of pesticide-contaminated 
soils. It is also important to look at the effects of water availability on bioremediation.
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3.3 AIM 
Bioremediation is gaining significant attention these days due to its 
economical and eco-friendly nature. Therefore, the present study aims to provide a 
pragmatic view of the processes involved in bioremediation along with the issues to 
be considered when dealing with a proposal for bioremediation of pesticide 
contaminated soil 

3.4 OBJECTIVES 
Looking at the aim of bioremediation of pesticide contaminated soil using 
native bacterial isolates; following objectives were assessed in this work.  

i. To study the crop-wise pesticide use pattern and to determine the most 
abused pesticides which need immediate attention for their 
bioremediation, in the Rajkot District of Gujarat. 
ii. To isolate, screen and develop microbial cultures for bioremediation of 
pesticide-contaminated soil. 
iii. To study the overall culture performance of both mono- and mixed-
cultures in terms of specific growth rate under different physicochemical 
conditions.
iv.  To study the bioremediation capability of mono-cultures and mixed-
cultures under laboratory and field conditions. 
v. To study the effect of soil amendments and water availability in the 
clean-up process. 
vi. To examine the enzymatic changes triggered in the bioremediation of 
pesticide contaminated soil by test isolates. 
vii. To design and suggest a most effective and eco-friendly biotreatment 
process for the bioremediation of pesticide contaminated soil. 
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4. MATERIALS AND METHODS
 
 
4.1 SELECTION OF STUDY SITES AND SURVEY ON  
       PESTICIDE USE PATTERN 
The cotton, groundnut and vegetables cultivated lands of three different 
talukas viz. Rajkot, Gondal and Jetpur were selected as study sites. The criteria used 
to select these study sites were that the sites had extensive cultivation of cotton, 
groundnut and vegetables, and the known history of repeated use of endosulfan and 
chlorpyrifos as pesticides.  
 
The qualitative as well as quantitative surveys were performed on the use-
pattern of various pesticides as plant protection chemicals. The survey is based on the 
information provided by 30 randomly selected farmers from each of the three talukas 
selected as study sites. The qualitative survey was performed to determine the extent 
of different formulations of pesticides being used under different crops. Since the 
different formulations of pesticides differ in their potential of bioaccumulation, 
persistence and environmental hazards, hence it becomes important to know the 
formulations of pesticides being used under the current agricultural practices. Also, 
the quantitative survey was performed on the use-pattern of pesticide to determine the 
volume of a particular pesticide being consumed in the selected study sites.  
4.2 COLLECTION OF SOIL SAMPLES 
The soil samples were collected from three different talukas (administrative 
blocks) of Rajkot district of Gujarat State. The soil samples were collected from 
Rajkot taluka, Gondal taluka and Jetpur taluka. The samples were collected from 
agricultural fields growing mainly cotton, groundnut and vegetables. A total of 30 
composite soil samples were collected from 30 different agricultural lands (10 random 
samples from the same site) having history of repeated endosulfan and chlorpyrifos 
applications. The details of site specific information are described in the section 1.13.  
 
The soil samples were collected by using auger up to a depth of 15 cm. The 
collected samples were air dried, ground, passed through 2 mm sieve and stored in the 
sealed plastic bags at room temperature. These stored samples were used for further 
experimentation. 
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4.3 PESTICIDES, CHEMICALS AND REAGENTS 
Based on the use-pattern of the pesticides in the Rajkot district of Gujarat 
State, two pesticides were selected in the present study. One pesticide was a technical 
grade of endosulfan (96%), a cyclodiene organochlorine and the other was 
chlorpyrifos (97%), an organophosphorus. Both of these pesticides were purchased 
from the local pesticide suppliers in Rajkot district of Gujarat State. The details of 
these pesticides are described in the sections 1.6 and 1.7.  
 
The analytical grade chemicals and reagents used in this work include 
Hydrogen peroxide, Sodium hydroxide, Potassium dichromate (1N), Diphenylamine 
indicator (0.02%), Phenolphthalein indicator, Ortho-phosphoric acid (85%), 
Ammonium thiocyanate, Sulphuric acid, Agar agar, etc. from Hi-media, and Glacial 
acetic acid, Hydrochloric acid, Sodium chloride, Ferrous ammonium sulfate (0.5N), 
Silver nitrate, Sodium fluoride, etc. from Qualigens. The details of other chemicals 
and reagents used in this work are as mentioned in the respective sections.  
4.4 CULTURE MEDIA USED 
The different culture media viz. Nutrient Broth, Luria Bertani (LB) and M9 
were used during the present study. The LB medium was prepared by mixing tryptone 
10g, sodium chloride 10g and yeast extract 5g in 1L distilled water, and the medium 
pH was adjusted in the range of 7.0 – 7.2. For semi-solid LB medium, 1.5% agar was 
added while for LB broth agar was not added to the medium. Then the medium was 
autoclaved at 1210C temperature, 15 psi pressure for 20 minutes.  
 
The M9 medium was prepared by adding di-sodium hydrogen phosphate 6g, 
potassium dihydrogen phosphate 3g, sodium chloride 0.5g and ammonium chloride 
1g in 1L distilled water and the medium pH was adjusted in the range of 7.2 – 7.4. For 
semi-solid M9 medium, 1.5% agar was added while for liquid medium agar was not 
added to the medium. Then the medium was autoclaved at 1210C temperature, 15 psi 
pressure for 20 minutes. To this medium after autoclaving, filtered sterilized 10ml 
glucose (20%), and separately autoclaved 2ml magnesium sulfate (1M) and 0.1ml 
calcium chloride (1M) were added.  
57

4.5 STERILIZATION OF MEDIA, SOLUTIONS AND APPARATUS 
 In the present work, media and solutions were sterilized by autoclaving at 
1210C temperature, 15 psi pressure for 20 minutes. The glassware and other apparatus 
were sterilized in an oven at 1800C for an hour. After sterilization, the media and 
solutions were cooled to room temperature and then stored under refrigeration for 
their subsequent use. The sterilized glassware were stored separately in an oven at 
60oC and cooled to room temperature before their subsequent use.  
 
4.6 ISOLATION AND SCREENING OF PESTICIDE-RESISTANT BACTERIA 
The enrichment culture technique was used for the isolation of bacterial strains 
capable of utilizing endosulfan and/or chlorpyrifos as a sole source of carbon and 
energy. Pesticide mixed media were prepared by thoroughly mixing different volumes 
of technical grade pesticides with 100 ml media (LB, M9  and N-broth) as a sole 
carbon source, when the media were about to solidify (45-50oC). Different 
concentrations ranging from 5 to 200 mg/L of endosulfan and chlorpyrifos were 
added and checked for the growth of bacteria.  
 
One gram of each soil sample was suspended in 9 ml of distilled water and 
kept at room temperature for 24 hours. On the next day, 500 μl of the supernatant was 
spread on insecticide containing N-agar, LB and M9 petridishes, for the isolation of 
pesticide resistant bacteria. Solid N-agar, LB and M9 media were prepared, in which 
pesticide instead of glucose was added at a final concentration of 100mg/L. The 
samples were spread on N-agar, LB and M9 media containing different concentrations 
of ES and CP separately and the petridishes were incubated at room temperature and 
37oC.  
The petridishes were observed on the next day to till fourth day for the 
appearance of resistant colonies. The M9 medium plates containing separately 
endosulfan and chlorpyrifos concentration ranging from 5 to 200 mg/L were streaked 
with pesticide resistant colonies and incubated at 37oC for 7 days. The concentration 
at which the isolate failed to grow even after 7 days of incubation was considered as 
minimum inhibitory concentration (MIC) for the given bacterial isolates. 
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4.7 PURIFICATION OF POTENTIAL BACTERIAL ISOLATES 
A single isolated colony of the pesticide degrading bacteria was picked up 
with the help of sterilized wire loop and was streaked on LB agar medium. Each 
isolated strain was streaked at least 3 to 4 times on LB agar plates for purification. 
After the purified isolates were obtained, they were re-streaked on M9 agar medium 
containing pesticides (endosulfan and chlorpyrifos) for confirmation of isolates. The 
single colony of bacterial strain was inoculated in 100mL LB broth, incubated at 37oC 
then used for further characterization of isolates. The isolated and purified bacterial 
strains were stored under refrigeration after preparing slants.  
4.8 DETERMINATION OF BACTERIAL POPULATION IN SOIL 
  The population of selected bacterial isolates in terms of colony forming units 
(CFUs) was determined using viable plate count technique.  This technique assumes 
that each colony is derived from an individual cell and that the incubation conditions 
allowed the recovery of all cells present. On solid media after incubation, the resultant 
colonies may be counted. 
 
The soil samples, from which potential bacterial strains were isolated, were 
used for determining bacterial population per gram of soil. One gram of soil was 
properly dissolved in 9ml of sterile distilled water and diluted to 10-3 and 10-5 using 
the sterile distilled water. From these two dilutions, 0.1 ml portion was used to spread 
the prepared plates. The plates were incubated at room temperature for 48 hours.  
 
A fresh pipette was used for each dilution and the work was performed in the 
laminar air flow cabinet, under sterile condition. The N-agar plates supplemented 
separately with endosulfan (10 mg/L), chlorpyrifos (10 mg/L) and endosulfan plus 
chlorpyrifos (10 mg/L of each) were used. Also, N-agar plates not supplemented with 
any pesticide were used as control to determine the total bacterial count in the 
untreated soil. The bacterial cells visible to the naked eyes were counted in terms of 
CFUs. All the plating was performed in triplicates and results were represented as 
mean. The viable count was obtained from this value by reference to the serial 
dilution used.  
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4.9 CHARACTERIZATION AND IDENTIFICATION OF  
        BACTERIAL ISOLATES 
Colony Morphology 
For the selected bacterial isolates, colony morphology was observed by 
growing them on N-agar plates. Morphological characters viz. size, shape, surface, 
opacity, texture, elevation and pigmentation were determined by visual observation as 
well as by using light trans-illuminator and microscopy.  
 
Gram Staining 
       The Gram staining technique was used for differentiation between gram positive 
and gram negative bacterial strains according to Benson (1994). A drop of sterile 
distilled water was placed on a neat and clean glass slide, and a single isolated colony 
of 24 hours old culture was mixed in it. The smear was made by spreading the culture. 
This smear was air dried and fixed by rapidly passing the slide three times over the 
flame. It was then inundated with crystal violet (2 g crystal violet, 9.5 mL ethanol and 
0.9 g ammonium oxalate per 100 mL distilled water) for 2 minutes and then washed 
off with distilled water for 5 seconds. Then gram’s iodine solution (20 g KI and 10 g 
I2 in 100 mL distilled water) was added to the smear and the glass slide was left for 
one minute. This step was followed by the application of decolorizing agent (ethanol), 
a single wash for few seconds. Decolorizing agent was immediately washed with 
distilled water and the smear was covered with safaranine (1.25 g safaranine and 10 
mL 95% ethanol in 90 mL distilled water) for 30 seconds. The slide was washed with 
distilled water; air dried and was observed under the microscope. 
 
Growth on McConkey Agar 
 The single colony of each isolate was streaked on Mac Conkey agar (5%) 
plates and incubated at 370C overnight (Cheesbrough, 1993). Appearance of growth 
after 24 hours indicates lactose fermenting capability of the isolate. 
 
Starch Hydrolysis 
 The single colony of each isolate was streaked on starch hydrolysis media 
plates (prepared by mixing 0.3 g soluble starch per 100 mL of nutrient agar and 
autoclaving the medium) and incubated at 370C overnight. Next day, Gram’s iodine 
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solution was poured on these plates and the plates were kept for one hour at room 
temperature (Benson, 1994). Appearance of clear area around the growth showed 
positive results, while blue color indicated that starch is not hydrolyzed. 
 
Motility Test 
 Motility of the organisms was checked with hanging drop method. A 
suspension in sterile distilled water was made for each bacterial isolate and glass slide 
with pit was used to hang the drop of bacterial suspension using cover slip. Motility of 
the organisms was observed under the microscope. 
 
Oxidase Test 
A few drops of freshly prepared oxidase reagent (0.1g tetramethyl-p-
phenylenediamine dihydrochloride in 10 mL distilled water) were added on a piece of 
filtered paper in a clean Petri plate. Using a glass rod, a colony of the isolate was 
smeared on the filter paper and was observed for any change in the color of the 
reagent (Benson, 1994).
Catalase Test 
  A thick growth of test culture was immersed in 3ml of 3% H2O2 solution with 
the help of a sterile glass rod. Active bubbling within a few seconds showed a positive 
catalase activity, otherwise the test is negative. 
Coagulase Test 
On a clean glass slide, 2 drops of 0.85% saline solution were taken and the test 
tube culture was smeared on one of them. Then a single drop of human blood plasma 
was added to both the drops and the slide was observed under a dissecting microscope 
for rapid agglutination of plasma (Cheesbrough, 1993).
Urease Test 
The slants of Christian urea agar (0.1 g peptone, 0.5 g sodium chloride, 0.2 g 
di-calcium hydrogen phosphate, and 600μl phenol red in 100mL distilled water, pH 
adjusted to 6.8-6.9 and then 2 g agar was added and medium was autoclaved). After 
autoclaving, 1 mL filter sterilized 10% glucose and 10mL filter sterilized 20% urea 
added to the medium. It was readily poured into sterilized test tubes to make slants 
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which were streaked with the bacterial isolates and incubated at 370C overnight 
(Benson, 1994). Appearance of pink color showed positive test, otherwise the test is 
negative.
 
Methyl Red Test 
 The medium was prepared by dissolving 5 g peptone and 5 g K2HPO4 in 1L 
distilled water, pH adjusted at 7.6 and poured in test tubes. The medium was sterilized 
by autoclaving at 1210C, 15 psi for 20 minutes. Then 0.25 mL glucose solution was 
added in 5 mL medium in each tube. The above media were inoculated with 
respective isolates and incubated at 370C for 48 hours. Then 5 drops of methyl red 
(0.1 g methyl red and 300 mL ethanol in 100 mL distilled water) were added and 
mixed. The bright red color indicated the positive test, otherwise the test is negative 
(Cheesbrough, 1993). 
 
Citrate Utilization 
The Simmon’s citrate medium was prepared [NaCl 500mg, MgSO4 200mg, 
NH4H2PO4 100mg , K2HPO4 100mg, trisodium citrate 500mg and agar 2g, 0.2% 
bromothymol blue 4 mL, poured in test tube (5ml each), autoclaved], inoculated with 
respective bacterial isolate and incubated at 370C overnight (Benson, 1994). The 
change of color of medium from green to blue indicates positive result. 
 
Nitrate Reduction 
 The protease-peptone-yeast extract-broth was prepared by dissolving 2g 
protease peptone, 1g yeast extract, 0.5g NaCl in 100 mL distilled water. Then 0.5 mL 
potassium nitrate solution (2%) was added and pH adjusted at 7.4. Then 5 mL 
medium was poured in each test tube and autoclaved at 121oC, 15 psi for 20 minutes. 
This medium was inoculated with 50μl log phase culture of each bacterial isolate and 
incubated at 37 0C for overnight (Benson, 1994). 
 
After overnight incubation, 1 mL reagent-1 (0.5g sulphanillic acid and 30 mL 
glacial acetic acid in 100 mL distilled water) and 0.25 mL reagent-2 (0.2g Cleve’s 
acid in 120 mL distilled water, warming in water bath and then finally adding 30 mL 
glacial acetic acid to it) were added and the appearance of red color showed a positive 
result. 
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Voges-Proskauer (V.P.) Test 
The medium for V. P. test was prepared by dissolving 0.5g peptone, 0.5g di-
potassium hydrogen phosphate in 100 mL distilled water, pH adjusted at 7.6 and then 
0.5g of dextrose was added. The 5 mL medium was added to a test tube and 
autoclaved at 121oC, 15 psi for 20 minutes. The medium was inoculated with 
respective bacterial isolate and incubated at 37oC for overnight. Next day, 1 mL 40% 
KOH and 3 mL 5% -naphthol were added. The tubes were aerated for 30 minutes 
and the appearance of red colour indicates positive test.
Indole Test 
 The test medium was prepared by dissolving 2g peptone and 0.5g NaCl in 100 
mL distilled water, pH adjusted at 7.4. The medium was poured in test tubes and 
autoclaved at 121oC, 15 psi for 20 minutes. The bacterial isolate was inoculated in the 
medium and incubated at 370C for overnight. Next day, 500μl of Kovac’s reagent 
(isomyl alcohol 150 mL, p-dimethyl-aminobenzylaldehyde 10g, conc. HCl 50 mL) 
was added and shaken gently. The development of red color in the upper layer 
showed the positive test. 
 
H2S Production Test 
The medium for H2S production test was prepared by dissolving 3g lab lameco 
powder, 3g yeast extract, 20g peptone ,  5g NaCl, 10g dextrose, 0.3g ferric citrate , 
0.3g sodium thiosulphate, 0.05g phenol red in 1L distilled water, pH adjusted between 
7.2-7.6, followed by addition of 12g agar. This medium (6ml) was taken in each test 
tube, autoclaved at 121oC, 15 psi for 20 minutes and slanted. The bacterial isolates 
were streaked on these slants and incubated overnight at optimum temperature of the 
isolate. Blackening of medium indicated H2S production by the isolate.
Sporulation Test 
 The bacterial isolates were grown at 370C on LB-agar medium for one week. 
The smear was prepared from this culture, air dried and fixed by passing on the flame. 
The smear was covered with malachite green (5%) solution for 3-4 minutes, by 
heating the slide with continuous steaming. Then, slide was washed with distilled 
water, air dried and examined under the microscope at 100x, oil immersion objective. 
The presence of green colored oval or spherical bodies indicated a positive result. 
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Acid Release from Sugars 
 This test is used to differentiate organism that ferment a particular sugar, 
consequently acid and/ or gas may be produced. The basal medium was prepared by  
dissolving 1g peptone and 0.5g NaCl in 100 mL of distilled water and 1.25 mL of 
bromothymol blue (0.2% w/v) as indicator (prepared by dissolving 0.1g bromothymol 
blue in 2.5ml of 0.1 mol/L (0.1N) NaOH  + 47.5 mL of sterile distilled water) . This 
medium was divided into different test tubes, 5ml each. A pair of test tubes was used 
for one isolate (for each sugar), one for oxidation and gas production and one for 
fermentation. These test tubes were autoclaved at 121oC, 15 psi for 20 minutes. After 
cooling, 250μl of 10% (w/v) filter sterilized respective sugar (glucose, lactose, 
sucrose) was added into basal medium. The bacterial isolate (50 μl, log phase culture 
in peptone water) was inoculated at the bottom of the test tube. 
  
The inoculated medium of one tube was covered with 10 mm deep layer of 
sterile liquid paraffin for excluding oxygen to check the fermenting ability of the 
isolate for a particular sugar. The gas production is revealed by the formation of a 
void in the inverted (dipped) vial of the Durham tube. The test tubes were incubated at 
37oC overnight and up to one week for the confirmation of test result. The appearance 
of yellow color in open tube showed acid production and green in covered tube (with 
paraffin layer) indicates organism is oxidative whereas, yellow color in both tubes 
indicates production of acid and organism is fermentative in nature. The presence of 
green or blue color in both tubes indicated no carbohydrate utilization and no acid 
production (Benson, 1994). 
 
4.10 PHYSICOCHEMICAL PROPERTIES OF SOILS 
The important physicochemical properties, viz. bulk density, porosity, soil 
moisture, soil pH, electrical conductivity, organic carbon, organic nitrogen and 
available phosphorus,   of the soils used for the screening of bacterial isolates were 
determined. The details of these methods are as described in the following sections.  
Bulk Density and Soil Porosity 
The bulk density (g/cc) measurement is a valuable tool for understanding soil 
processes such as heat, water and nutrient exchange. Bulk density includes both the 
volume of the solid (mineral and organic) portion of the soil and the spaces where air 
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and water are found. Bulk density often depends on texture, structures and organic 
matter status of soil.  
 
The Bulk Density of soil was measured by taking an undisturbed block of soil. 
This block of soil was dried at 105o C for 24 hours. The dried sample was then 
weighed in an electronic balance. The exact volume of soil was determined by 
measuring the cylinder volume. The calculation of cylinder volume was done by 
using the following equation which takes into account the height (h) up to which the 
soil is occupying the cylinder and the inner radius (r) of the cylinder. The calculation 
is done using the following equation: 
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Bulk Density is thus calculated as: 
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By knowing both the bulk density and particle density the amount of pore space or 
porosity of the soil can be calculated using the following equation: 
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Where, Particle Density refers to the ratio of mass of dry soil to volume of air dried 
soil.  
Soil Moisture 
When moist soil is heated at 105oC for about 48 hours, only the water, which 
had been absorbed or held within the soil, pores, is evaporated. There is no loss of 
water of crystallization and the oxidation of organic matter does not occur at this 
temperature. The soil moisture (%) was measured by gravimetric method.  
 
Air dried 100 g soil sample was taken in a pre-weighted container and 
subjected to oven drying at 105o C for 48 hours. Then the soil sample was reweighted 
to account for changes in the weight due to moisture evaporation.  
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The Calculations for soil moisture is done by the following formula: 
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Soil pH 
Traditionally soil pH is measured in a soil paste prepared by the addition of a 
dilute CaCl2 solution with an appropriate electrode. While achieving a pH 
measurement of the soil is relatively easy, interpretation of its affect on microbial 
processes is difficult. This is because concentrations of cations adsorbed to the 
surfaces of the negatively charged soil colloids are 10–100 times higher than those of 
the soil solution.  
 
In the present work, for the measurement of pH, the dried soil sample was 
grounded finely using mortar and pestle and the coarse fraction was separated out 
using 2 mm sieve. The soil sample (10g) was mixed with boiling distilled water (40 
mL) in the ratio of 1:5 (The International standard NF ISO 10390, 1994). Then the 
entire mixture was kept on an oscillating table for 5 minutes to secure proper 
agitation. The mixture was then allowed to settle and decanted to obtain the clear 
layer of water. By using a standard digital pH meter, the pH of the clear layer was 
measured three times and an average of these three readings was taken to minimize 
the error.  
Soil Electrical Conductivity (E.C.) 
For the measurement of E.C., the dried soil sample was grounded finely using 
mortar and pestle and the coarse fraction was separated out using 2 mm sieve. The 
soil sample (10g) was mixed with boiling distilled water (40 mL) in the ratio of 1:5 
(The International standard NF ISO 10390, 1994). Then the entire mixture was kept 
on an oscillating table for 5 minutes to secure proper agitation. The mixture was then 
allowed to settle and decanted to obtain the clear layer of water. By using a standard 
HACH sensor (conductivity meter), the E.C. the clear layer was measured three times 
and an average of these three readings was taken to minimize the error. The electrical 
conductivity of soil sample was recorded in mS/cm.  
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Soil Organic Carbon and Nitrogen 
For the measurement of soil organic carbon and nitrogen, first of all 
standardization of ferrous ammonium sulphate solution was performed. Potassium 
dichromate (1N, 10mL) solution was taken in a 250 mL conical flask and 20mL of 
concentrated H2SO4 was slowly added to it. This solution was continuously swirled 
and after 10 minutes allowed to cool down. Then 200 mL of distilled water was 
added, followed by addition of 10mL of ortho-phosphoric acid and 1 mL indicator 
solution, followed by vigorous mixing. Then ammonium ferrous sulphate was titrated 
from the burette while continuously shaking the flask. The color change from blue to 
green indicates end point. This data is used as a blank reading. 
 
The oven dried soil was ground, passed through 0.2 mm sieve and 0.5 gm of 
the soil sample was placed at the bottom of a 500 mL conical flask. Exactly 10 mL of 
1N potassium dichromate solution was added and the flask was swirled gently to 
disperse the soil in the solution. Then 20 mL of concentrated sulphuric acid was 
added carefully from a measuring cylinder and allowed the flask to stand for 30 
minutes. This was followed by addition of 200 mL of distilled water, 10 mL of 
orthophosphoric and 1mL indictor.  
 
Finally, the content in the flask was titrated with ferrous ammonium sulphate 
solution till the colour changed from blue-violet to green, which indicated the end 
point of the titration. Also a blank without soil sample was run in parallel. 
 
Soil organic carbon was calculated using following equation: 
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Where,  
B = Volume of ferrous ammonium sulphate required for blank titration in mL. 
T = Volume of ferrous ammonium sulphate needed for soil sample in mL. 
S = Weight of soil sample in grams. 
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Soil organic nitrogen was calculated using following equation: 
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Available Phosphorus 
Phosphorus is extracted from the soil using Bray No. 1 solution as extractant. 
The extracted phosphorus is measured colourimetrically based on the reaction with 
ammonium molybdate and development of the ‘Molybdenum Blue’ colour. The 
absorbance of the compound is measured at 882 nm in a spectrophotometer and is 
directly proportional to the amount of phosphorus extracted from the soil (Bray, 
1945). The available phosphorus in soil is expressed in mg/Kg of soil. 
4.11 DETERMINATION OF OPTIMUM GROWTH CONDITIONS 
There are many parameters which affect growth of bacterial isolates viz. 
temperature, pH, aeration, salt concentration, nutrient availability, radiation, presence 
of heavy metals, nature of carbon source, etc. Out of these, two important parameters 
viz. temperature and pH, affecting bacterial growth were considered.  
 
 For determination of optimum temperature, 100 mL N-broth was taken in 250 
mL borosil make flasks and autoclaved at 121oC, 15 psi for 20 minutes. After cooling, 
each flask was inoculated with purified bacterial isolate in active log phase, in the 
proportion of 2% of medium. For each bacterial isolate, 5 sets of flasks were used in 
triplicates, and after inoculation, these flasks were incubated at five different 
temperatures, viz. 15, 25, 30, 37 and 45oC. The absorbance was taken at 600 nm after 
48 hours of incubation and the data were used to plot a graph to determine the 
optimum growth temperature of the respective bacterial isolates. 
 
To determine the optimum pH for the growth of bacterial isolates, 100 mL N-
broth was taken in 250 mL flasks, pH adjusted to 5.0, 6.0, 7.0, 7.5, 8.0 and 9.0 
respectively, and autoclaved at 121oC, 15 psi for 20 minutes. After cooling, each flask 
was inoculated with purified bacterial isolate in active log phase, in the proportion of 
2% of medium. For each bacterial isolate, 6 sets of flasks were used each having the 
unique value of pH. The set of 6 flasks was inoculated in triplicates, and after 
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inoculation, these flasks were incubated at room temperature for 48 hours. The 
absorbance was taken at 600 nm and the data ware used to plot a graph to determine 
the optimum growth pH of the respective bacterial isolates. 
 
4.12 EXTRACTION OF PESTICIDE FOR ANALYSIS  
 The recovery of pesticide from N-broth and soil slurry is important to 
determine the extent of bioremediation by the bacterial isolates and mixed culture 
used separately. The extraction of both endosulfan and chlorpyrifos from N-broth and 
soil slurry was carried out using three solvents, viz. acetonitrile, chloroform and 
methanol.  
 
For the extraction of pesticide from N-broth, an autoclaved broth was used, in 
which endosulfan (20 mg/L) and/or chlorpyrifos (20 mg/L) was/were added. After 
incubation period, 10 mL of broth was taken in a centrifuge tube and centrifuged at 
4000 rpm for 20 minutes. Then 5 mL of supernatant was transferred in another tube 
and an equal volume of solvent (acetonitrile / chloroform / methanol) was added, 
shaken gently and allowed to settle for 30 minutes. The upper water layer was 
discarded and 2 mL of bottom layer containing the pesticide was taken in an 
eppendorf tube. The sample was stored at 4oC till analyzed by D-TLC and/or GC-MS. 
 
For the extraction of pesticide from soil slurry, an autoclaved soil (20 g) was 
added in 200 mL of double distilled water in a sterile flask, and mixed vigorously to 
secure homogeneous medium. In this way, soil slurry was prepared, in which 
endosulfan (20 mg/L) and/or chlorpyrifos (20 mg/L) was/were added. After 
incubation period, 10 mL of soil slurry was taken in a centrifuge tube and centrifuged 
at 4000 rpm for 20 minutes. Then 5 mL of supernatant was transferred in another tube 
and an equal volume of solvent (acetonitrile / chloroform / methanol) was added, 
shaken gently and allowed to settle for 30 minutes. The upper water layer was 
discarded and 2 mL of bottom layer containing the pesticide (endosulfan and/or 
chlorpyrifos) was taken in an eppendorf tube. The sample was stored at 4oC till 
analyzed by D-TLC and/or GC-MS. 
 
69

4.13 D-TLC ANALYSIS 
A simple, rapid, and accurate method based on thin-layer chromatography 
(TLC) combined with image-analysis software has been used for the quantitative 
analysis of endosulfan and chlorpyrifos. The results obtained have been compared 
with those obtained from GC-MS. The percentage error between D-TLC and GC-MS 
ranged between ± 5.4% for ES and ± 6.2% for CP. 
 
Preparative TLC plates (20x20 cm aluminium plates precoated with thickness 
0.05 mm silica gel GF254,) were purchased from Merck, Germany. The solvents used 
to prepare the mobile phase were of analytical-reagent grade. The standards (ES and 
CP) and samples were applied to the plates by means of the micro pipette and the 
application volume was 20 l. Six spots per plate were applied 1cm from bottom edge 
and 15 mm apart. The plate was developed in a saturated glass chamber in solvent 
system Hexane – Chloroform – Acetone (9:3:1) in case of endosulfan and Hexane – 
Acetone (75:30) in case of chlorpyrifos. The migration distance was kept to 10 cm. 
After separation, the plate was air-dried for 20 minutes.  
 
Evaluation of the developed TLC plates was performed by capturing the 
image of the developed spots on the TLC plate with a digital camera (Sony, Japan). 
Data acquisition and processing were performed using the TLC analyzer software 
installed in the IBM computer. The TLC system with UV – visualization chamber 
(with short and long wave facility) is as represented in the Figure-4.1. 
70

Figure 4.1 The TLC system with UV-visualization chamber  
4.14 GC-MS ANALYSIS 
Mass spectrometry is a technique for converting molecules into ions and ion 
fragments and hence, deals with the study of the charged molecule and fragment ions 
produced from a sample exposed to ionizing conditions, and also of the relative 
intensity spectrum which results from the correlation of the ions with their mass to 
charge ratio, and designated as m/e.  
 
Mass fragmentation pattern are usually characteristic of type of compound and 
provide detailed information regarding molecular structure. When organic substance 
in the gas or vapor state at the very low pressure 10-1 to 10-3 atmosphere are subjected 
to electron beam of 70 eV, they loss electrons and forms positively charged ion 
(cation) and fragments with different m/e values. They are known as ionic beam, 
which can be accelerated and deflected by magnetic or electrical field. The deflection 
depends on the mass, charge, velocity and magnetic field of fragments. If the charge, 
velocity, and magnetic field are constant then it depends upon only mass. Deflection 
is less for heavy particles and more for light particles. These cations are received by 
detector and produce mass spectrum, which is specific for the given organic 
compound like pesticide. The sample substance is bombarded with electrons of 
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energy of 15eV. The molecular ion produced by loss of single electron which is called 
as “molecular ion peak” or “parent peak”. The intensity of base peak is considered 
100% and the height of the other peaks can be measured with respect to the base peak. 
The details of the parameters employed in the GC-MS analysis are as represented in 
the Table-4.1 to 4.5. 
 
Table 4.1: Different parameters of Gas Chromatography (GC-2010) 
 
Parameters Information 
Column name BPX5, 30m,0.25mm
Column oven temperature 180OC 
Injection temp 260OC 
Injection mode Split 
Flow control mode Pressure 
Pressure 95.6 kpa 
Total flow 30.9 mL/min 
Column flow 0.90 mL/min 
Linear velocity 36.4 cm/sec 
Purge flow 3.0 mL/min 
Split ratio 30.0 
Equilibrium time 3.0 min 
 
Table 4.2: Value of different parameter of GC-MS-QP2010 
 
Parameter Value 
 Ion source temp. 230 
Interface temp 250 
Solvent cut time 2 min 
Detector gain mode Absolute 
Detector gain 0.90 kv 
Threshold 100 
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Table 4.3: The value of different parameters of MS 
 
Parameter Value 
Group 1 
Start time 3 min 
End time 31.5 min 
ACQ mode Scan 
Interval 0.50 sec 
Scan speed 2000 
Start m/z 25.00 
End m/z 1000.00 
Sample inlet  system GC 

Table 4.4: Temperature program used in GC-MS analysis 
 
Rate ( C/min) Temperature (OC) Hold time (min) 
- 180 1.5 
10 280 20 
 
Table 4.5: Pressure program used in GC-MS analysis 
 
Rate ( C/min) Pressure (kPa) Hold time (min) 
- 95.6 1 
20 300 26 
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4.15 BIOREMEDIATION CAPABILITY OF MONO- AND  
          MIXED-CULTURES 
For the measurement of degradation capability of selected bacterial isolates 
and/or mixed culture, the actively growing culture of respective bacterial isolates 
and/or mixed cultures were added either in the soil slurry or in the N-broth containing 
appropriate concentration of endosulfan and/or chlorpyrifos, and incubated at room 
temperature for 5, 10, 15 and 30 days. Then 20 mL of aliquots were taken out, 
pesticide was extracted and estimated by D-TLC and confirmed by GC-MS analysis.  
 
The endosulfan and chlorpyrifos degrading capability of the selected bacterial 
isolates and mixed cultures was computed and compared. The results were used to 
determine the most potential bacterial isolate in terms of degradation of endosulfan 
and chlorpyrifos respectively. Also, the bioremediation capability of mono- and 
mixed cultures was compared in terms of degradation of endosulfan and chlorpyrifos.  
4.16 EFFECT OF TEMPERATURE ON PESTICIDE BIOREMEDIATION 
The effect of temperature on pesticide bioremediation depends on the 
molecular structure of the pesticide. It is expected that the solubility of pesticide 
increases with the rise in temperature. It is also expected that the rise in temperature 
results in the stimulation of microbial activities. It is also found that the maximum 
growth and activity of microorganisms in soils occur between 25 to 35oC of 
temperature.  
  
In the present study, the effect of temperature on bioremediation capability of 
six selected bacterial isolates and four different mixed bacterial cultures have been 
investigated separately. For this study, 90 mL of N-broth containing 5 mg each of 
endosulfan and chlorpyrifos, was inoculated with 10 mL of actively growing 
respective cultures and incubated at four different temperatures – 25, 30, 37 and 45oC 
respectively. After 5 days of incubation, 50 mL of aliquots were withdrawn from each 
culture vessel and the concentration of endosulfan and chlorpyrifos was estimated 
using the procedure described in the sections 4.12, 4.13 and 4.14. 
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4.17 EFFECT OF pH ON PESTICIDE BIOREMEDIATION 
The pH of soil may affect pesticide degradation by altering the pesticide 
adsorption and also by influencing the microbial activity in the soil. Soil pH may also 
affect the mobility and bioavailability of pesticides. The effect of soil pH on 
degradation of a given pesticide depends greatly on whether the pesticide is 
susceptible to alkaline or acid catalyzed hydrolysis.  
 
In this work, the effect of pH on bioremediation capability of six selected 
bacterial isolates and four different mixed bacterial cultures have been investigated 
separately. For this study, 90 mL of N-broth, adjusted at pH 6.0, 7.0, 7.5 and 8.0, 
containing 5 mg each of endosulfan and chlorpyrifos, was inoculated with 10 mL of 
actively growing respective cultures, respectively. After 5 days of incubation, 50 mL 
of aliquot was withdrawn from each culture vessel and the concentration of 
endosulfan and chlorpyrifos was estimated using the procedure described in the 
sections 4.12, 4.13 and 4.14. 
 
4.18 EFFECT OF AGITATION ON PESTICIDE BIOREMEDIATION 
The effect of agitation on the biodegradation of endosulfan and chlorpyrifos 
was investigated by maintaining static and shaking incubation conditions. The 
respective mono- and mixed-cultures were maintained to their respective optimum 
value of pH and temperature.  
The effect of static vs. shaking conditions on bioremediation capability of six 
selected bacterial isolates and four different mixed bacterial cultures was determined 
separately. For this study, 90 mL of N-broth containing 5 mg each of endosulfan and 
chlorpyrifos was inoculated with 10 mL of actively growing respective cultures. After 
5 days of incubation, 50 mL of aliquot was withdrawn from each culture vessel and 
the concentration of endosulfan and chlorpyrifos was estimated using the procedure 
described in the sections 4.12, 4.13 and 4.14. 
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4.19 EFFECT OF SOIL AMENDMENTS ON PESTICIDE   
          BIOREMEDIATION 
A soil amendment is any material added to a soil to improve its physical 
properties, such as water retention, permeability, water infiltration, drainage, aeration 
and structure. There are two broad categories of soil amendments: organic and 
inorganic. Organic amendments come from something that was alive. Inorganic 
amendments, on the other hand, are either mined or man-made. Organic amendments 
include sphagnum peat, wood chips, grass clippings, straw or crop residues, compost, 
manure, biosolids, sawdust and wood ash. Inorganic amendments include vermiculite, 
perlite, tire chunks, pea gravel and sand. 
 
Organic amendments increase soil organic matter content and offer many 
benefits. Organic matter improves soil aeration, water infiltration, and both water- and 
nutrient-holding capacity. Many organic amendments contain plant nutrients and act 
as organic fertilizers. Organic matter also is an important energy source for bacteria, 
fungi and earthworms that live in the soil. Microbial activity is often stimulated by the 
addition of organic material to soil. 
 
In the current work, the effect of organic amendments viz. compost, cow dung 
and crop residues, on bioremediation capability of six selected bacterial isolates and 
four different mixed bacterial cultures was studied separately. Two different sets of 
experiments were set off. In the first experiment, 100 g oven dried soil was used to 
prepare soil slurry, in which 20 mg each of endosulfan and chlorpyrifos was added 
and inoculated with 100 mL of actively growing respective cultures, without any 
incorporation of organic amendments. In the second experiment, the steps were same 
as that of first except incorporation of organic amendments, i.e. addition of 100 g of 
compost, cow dung or crop residues per kilo gram of soil, separately along with the 
respective bacterial cultures. Both of these two systems were incubated at room 
temperature for 7 days. After incubation period, 20 g of sample was taken from each 
of the experimental systems, and the concentration of endosulfan and chlorpyrifos 
was estimated using the procedure described in the sections 4.12, 4.13 and 4.14. 
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4.20 EFFECT OF SOIL MOISTURE ON PESTICIDE BIOREMEDIATION 
The effect of soil moisture on bioremediation capability of six selected 
bacterial isolates and four different mixed bacterial cultures was studied separately. 
Two different sets of experiments were set off. In the first experiment, 100 g oven 
dried soil containing 10 mg each of endosulfan and chlorpyrifos was inoculated with 
100 mL of actively growing respective cultures. In the second experiment, 100 g oven 
dried soil containing 10 mg each of endosulfan and chlorpyrifos was inoculated with 
100 mL of actively growing respective cultures along with the addition of one litre of 
distilled water (DW). Both of these two systems were incubated at room temperature 
for 5 days. Then 20 g of sample was taken from each of the experimental systems, and 
the concentration of endosulfan and chlorpyrifos was estimated using the procedure 
described in the sections 4.12, 4.13 and 4.14. 
4.21 ENZYMATIC CHANGES DURING PESTICIDE BIOREMEDIATION 
The enzymatic changes triggered during pesticide bioremediation were 
investigated by measuring the activity three enzymes, viz. cellulase, dehydrogenase 
and protease. The activity of the respective enzyme was measured in soil samples 
inoculated with selected bacterial mixed-cultures. The details of the enzyme 
extraction assays are as described subsequently. 
Soil sample preparation for enzyme activity 
Soil samples were collected from Rajkot, Gondal and Jetpur talukas of 
Saurashtra region of Gujarat. The collected soil samples were dried in sun light for 24 
hours. Then soil was passed through 2 mm sieve and autoclaved at 121oC, 15 psi for 
30 minutes. After cooling, one kilogram soil weighed and kept in plastic bags. 
Pesticide solution (endosulfan, chlorpyrifos and endosulfan + chlorpyrifos) at a 
concentration of 0, 5, 10 and 20 mg per 10g soil was added respectively, in triplicates. 
All bags were labelled according to pesticide solutions added and kept at room 
temperature, with alternate 12 hours light and 12 hours dark period. Suitable amount 
of water was sprayed at 3 days intervals and samples were analyzed for the activity of 
cellulase, dehydrogenase and protease on day 1, 7, 14 and 21. 
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Cellulase activity 
Cellulase activity was measured using carboxymethyl cellulose powder as a 
substrate. The reaction mixture consisted of 0.2 ml culture filtrate, 0.5 ml of 2% 
carboxymethyl cellulose powder, 0.5 ml phosphate buffer (pH 5.0) and 0.8 ml 
distilled water, and incubated at 40OC for 30 minutes with shaking (130 rpm). The 
reaction was stopped by the addition of 1 ml of 0.3 % sodium dodecyl sulphate (SDS) 
to the reaction mixture and the treatment was preceded in boiling water for 10 
minutes. After boiling the reaction mixture, the mixture was centrifuged at 800g for 5 
minutes. The supernatant was utilized for the determination of the reducing sugars by 
measuring O.D. at 520 nm wavelength and cellulose as a standard. Cellulase activity 
is expressed as μg glucose formed/g dry weight of soil. 
Dehydrogenase activity 
To 3g air dried soil sample, 1mg glucose solution (30 mg/L) and 0.5 mL of a 
3% solution of 2,3,5-triphenyltetrazolium chloride were added and the volume was 
made to 5mL by adding of 0.1M Tris buffer (pH 7.8). After incubating at 37°C for 24 
hours, the formazan formed was extracted with 10mL ethanol and estimated 
spectrophotometrically at 485 nm. The concentration of formazan was calculated 
from its standard curve. The dehydrogenase activity is expressed as μg formazan 
formed/g dry weight of soil. 
Protease activity 
To 1 g of soil sample in a glass tube, 2.5 mL of Tris buffer (0.2 M, pH 8.0) 
and 2.5 mL of 2% Na-caseinate solution (20 g/L of DW) were added. The capped 
tubes were incubated in a water bath at 50OC for 2 hours. After incubation, remaining 
casein was precipitated with 5 mL 10% trichloroacetic acid. Then 1.5 mL of the 
solution was pipetted into a microcentrifuge tube and centrifuged at 13,000 rpm for 1 
minute. Then, 0.5 mL of clear supernatant was mixed with 0.75 mL Na2CO3 (1.4 M). 
This three-fold diluted Folin–Ciocalteu reagent was taken in a cuvette. After 5 
minutes, the tyrosine concentration was measured colorimetrically at 680nm. For 
controls, same procedure was followed, except that the Na-caseinate was added after 
incubation and addition of trichloroacetic acid. The protease activity is expressed as 
μg tyrosine formed per g dry weight of soil. 
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4.22 DEVELOPMENT OF EFFECTIVE BIOTREATMENT PROCESS 
Sustainable development requires the promotion of environmental 
management and a constant search for new technologies to treat a wide range of 
aquatic and terrestrial habitats contaminated by pesticides and other toxic recalcitrant 
compounds. Bioremediation is an eco- friendly and cost-effective alternative to 
physicochemical cleanup options. However, the strategy and outcome of 
bioremediation in open systems or confined environments depend on a variety of 
physicochemical and biological factors that need to be assessed and monitored. In 
particular, microorganisms are key players in bioremediation applications, yet their 
catabolic potential and their dynamics in situ remain poorly characterized. To perform 
a comprehensive assessment of the biodegradative potential of a contaminated site 
and efficiently monitor changes in the structure and activities of microbial 
communities involved in bioremediation processes, sensitive, fast and large-scale 
methods are needed.  
 
To design and suggest a most effective and eco-friendly biotreatment process 
for the bioremediation of pesticide contaminated soil, the concept and principles of 
statistical analysis, mathematical modeling and simulation have been investigated. It 
is the known fact that the process of bioremediation is affected by a variety of 
physical, chemical and biological factors. Some of these factors are non-manageable 
viz. soil type and soil temperature, while some other factors can be managed easily or 
with some difficulty viz. soil pH, soil moisture and soil amendments. In this work, a 
correlation study between manageable parameters and bioremediation of endosulfan 
and chlorpyrifos have been investigated using SSP, MINITAB, MS-Excel and 
MATLAB.  
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5. RESULTS 

5.1 QUALITATIVE SURVEY ON PESTICIDE USE PATTERN 
In this study, the survey conducted on the land use pattern of farmers of 
Rajkot taluka indicated that the per farmer average cultivable land holding was 8.4 
acres, out of which on an average 4.4 acres were under cotton cultivation, 2.8 acres 
under groundnut cultivation and the remainder used for the cultivation of vegetables, 
wheat, maize, etc. It means that about 52% of the cultivated land is under cotton 
cultivation, 33% under groundnut cultivation and the remainder 15% of the cultivated 
land is under the cultivation of vegetables, wheat, maize, etc. on the per farmer basis. 
The results from this study showed that 93.3% of the farmers opt for cotton 
cultivation, 53.3% groundnut cultivation and 53.3% for vegetables cultivation.  
 
The qualitative survey on pesticide use pattern showed that the farmers of 
Rajkot taluka employed 12, 10, 14, 2 and 1 different formulations of pesticides as 
plant protection chemicals for the cultivation of cotton, groundnut, vegetables, wheat 
and maize respectively. Out of all these formulations of pesticides used, 31%, 26% 
and 36% were consumed in the cultivation of cotton, groundnut and vegetables 
respectively. The details are as given in Table 5.1 and Figure 5.1.  
 
The qualitative survey was performed to determine the kinds of different 
formulations of pesticides being used under different crops. Since the different 
formulations of pesticides differ in their potential of bioaccumulation, persistence and 
environmental hazards, hence it becomes important to know the formulations of 
pesticides being used under the current agricultural practices, for their effective 
monitoring and management. 
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Table 5.1: Qualitative survey on crop-wise pesticide use pattern in Rajkot Taluka 

Pesticides 
(Trade Name) 
Crops-wise use of pesticides 
Cotton Groundnut Wheat Maize Vegetables 
1. Mancozeb      
2. Imidacloprid     + 
3.BHC powder  +    
4. Chlorpyriphos      
5. Hexaconazole +     
6. Endosulfan      
7. Monocrotophos     + 
8. Quinolphos     + 
9. -cyhalothrin      
10.Carbendazim      
11. Cypermethrin  +   + 
12. Profenofos +     
13. Ethion / Diethion  +    
14. Phosphamidon      
15.Salfolite      
16. Bavistin + +    
17. Fenvalerate      
18. Methomyl     + 
19. Demecron  +    
20. Nuracron     + 
Total 12 10 2 1 14
          : Used,   : Not used 
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Table 5.2: Qualitative survey on crop-wise pesticide use pattern in Gondal Taluka 
 
Pesticides 
(Trade Name) 
Crops-wise use of pesticides 
Cotton Groundnut Pollen Gingelly Vegetables 
1. Mancozeb      
2. Imidacloprid      
3. Cu-oxychloride      
4. Chlorpyriphos      
5. Hexaconazole      
6. Endosulfan      
7. Monocrotophos      
8. Quinolphos      
9. -cyhalothrin      
10.Carbendazim      
11.Indoxacarb      
12.Fenpropathrin      
13.Fenvalerate      
14.Thiram      
15.Phosphamidon +    + 
16.Ethion/Diethion + +    
17.Propineb (Antracol)      
18. Cypermethrin + +   + 
19. Profenofos +     
20. Salfolite +     
21. Bavistin + +   + 
22. Demecron  +    
23. Nuvacron     + 
Total 15 10 3 6 11
          : Used,   : Not used 
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Figure 5.2: Cropwise use of different formulation of pesticides in Gondal taluka 
 
 
In the Jetpur taluka, the information obtained from the randomly selected 30 
farmers, showed that per farmer average cultivable land holding was 8.3 acres, out of 
which on an average 5.5 acres were under cotton cultivation, 2.5 acres under 
groundnut cultivation and the remainder used for the cultivation of vegetables, pulses, 
jowar, bajra etc. It was found that 100% of the farmers favoured cotton cultivation, 
56.7% groundnut cultivation and 6.7% for vegetables cultivation. The farmers of 
Jetpur taluka make use of 15, 10, 11, 3 and 6 different formulations of pesticides as 
plant protection chemicals for the cultivation of cotton, groundnut, vegetables, pollen 
and gingelly respectively. Out of all formulations of pesticides used, 41%, 32% and 
27% of different formulations were consumed in the cultivation of cotton, groundnut 
and vegetables respectively. The details are as given in Table 5.3 and Figure 5.3.  
 
The comparison of cropwise use-pattern of various formulations of pesticides 
for the three selected talukas indicated that the highest number of pesticide 
formulations was consumed in the Gondal taluka, followed by Jetpur taluka and 
Rajkot taluka, as given in the Figure 5.4. 
Cotton              33%
Groundnut      22%
Wheat               0%
Maize                0%
Vegetables      25%
Pollen                7%
Gingelly           13%
Bajra                  0%
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Table 5.3: Qualitative survey on crop-wise pesticide use pattern in Jetpur Taluka 

Pesticides 
(Trade Name) 
Crops-wise use of pesticides 
Cotton Groundnut Wheat Bajra Vegetables 
1. Mancozeb      
2. Imidacloprid      
3. Cu-oxychloride      
4. Chlorpyriphos      
5. Hexaconazole      
6. Endosulfan  +    
7. Monocrotophos     + 
8. Quinolphos  +    
9. -cyhalothrin      
10. Cypermethrin + +   + 
11.Indoxacarb      
12. Profenofos + +   + 
13.Fenvalerate  +    
14. Ethion + +   + 
15.Phosphamidon +     
16. Sulfolite +     
17. Folidol  +    
18. Rogar +     
Total 14 11 0 0 9
         : Used,   : Not used 
 



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Figure 5.3: Cropwise use of different formulation of pesticides in Jetpur taluka 

Figure 5.4: Comparison of pesticides use-pattern at the selected study sites 
Cotton               41%
Groundnut       32%
Wheat                0%
Maize                 0%
Vegetables       27%
Pollen                0%
Gingelly             0%
Bajra                   0%
Cotton Groundnut Wheat Maize Vegetables Pollen Gingelly Bajra
Rajkot taluka 12 10 2 1 14 0 0 0
Gondal taluka 15 10 0 0 11 3 6 0
Jetpur taluka 14 11 0 0 9 0 0 0
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5.2 QUANTITATIVE SURVEY ON PESTICIDE USE PATTERN 
In the Rajkot taluka, the information obtained on the quantitative use pattern 
of pesticides showed that the annual consumption of liquid formulations of various 
pesticides was ~1200L, ~500L and ~1300L in the cultivation of cotton, groundnut and 
vegetables, respectively. The consumption of solid (powder/granules/dust) 
formulation of pesticides was found to be ~150Kg, ~170Kg and ~150Kg in the 
cultivation of cotton, groundnut and vegetables, respectively. The details are as given 
in Table 5.4 and Figures 5.5 and 5.6. 
 
In the Gondal taluka, the data obtained from the quantitative use pattern of 
pesticides showed that the annual consumption of liquid formulations of various 
pesticides was >3000L, >1400L and >1300L in the cultivation of cotton, groundnut 
and vegetables, respectively. The consumption of solid (powder/granules/dust) 
formulation of pesticides was found to be >250Kg, >400Kg and >700Kg in the 
cultivation of cotton, groundnut and vegetables, respectively. The details are as given 
in Table 5.5 and Figures 5.5 and 5.6. 
 
In case of Jetpur taluka, the information obtained from the quantitative use 
pattern of pesticides showed that the annual consumption of liquid formulations of 
various pesticides was higher than 1700L, 1000L and 700L in the cultivation of 
cotton, groundnut and vegetables, respectively. The consumption of solid 
(powder/granules/dust) formulation of pesticides was found to be more than 100Kg 
and 70Kg in the cultivation of cotton and vegetables, respectively. No consumption of 
powder formulation of pesticide in groundnut was reported from Jetpur taluka. The 
details of the quantitative survey are as given in Table 5.6 and Figures 5.5 and 5.6. 
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The quantitative survey was performed to determine the extent of different 
formulations of pesticides being used under different crops. Since the different 
formulations of pesticides differ in their potential of bioaccumulation, persistence and 
environmental hazards, hence it becomes important to know the quantity of the given 
formulation of pesticide is being used under the current agricultural practices. The 
quantitative survey on the use-pattern of pesticides could help to determine the 
volume of a particular pesticide being consumed in the selected study sites.  
 
The indiscriminate use of agrochemicals needs to be tested for their 
candidature as persistent organic pollutants as well as their environmental fate and 
potential hazards. The present study investigated the intricacy of biodegradation of 
endosulfan and chlorpyrifos, and the survey data indicated the annual consumption of 
~210L of endosulfan and ~150L of chlorpyrifos in Rajkot taluka, ~350L of 
endosulfan and ~300L of chlorpyrifos in Gondal taluka, while in Jetpur taluka, the 
annual consumption was ~225L of endosulfan and 200L of chlorpyrifos.  
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Table 5.4: Quantitative survey on crop-wise pesticide use pattern in Rajkot Taluka 
 
Pesticides 
(Trade Name) 
Cropwise use of pesticides (approx.) 
Cotton Groundnut Vegetables Total per year
1. Mancozeb (L) -- -- 325 325 
2. Imidacloprid (L) 175 85 140 400 
3.BHC powder (Kg) -- 50 -- 50 
4. Chlorpyriphos (L) 70 -- 80 150 
5. Hexaconazole (L) 220 -- -- 220 
6. Endosulfan (L) 100 -- 110 210 
7. Monocrotophos (L) 70 50 80 200 
8. Quinolphos (L) 80 -- 100 180 
9. -cyhalothrin (L) 150 -- -- 150 
10.Carbendazim (Kg) -- 75 45 120 
11. Cypermethrin (L) 150 40 60 250 
12. Profenofos (L) 170 80 75 325 
13. Ethion / Diethion (L) -- 80 120 200 
14. Phosphamidon (L) -- -- 90 90 
15.Salfolite (Kg) 70 -- -- 70 
16. Bavistin (Kg) 90 60 -- 150 
17. Fenvalerate (L) 110 50 80 240 
18. Methomyl (Kg) -- -- 125 125 
19. Demecron (L) -- 150 -- 150 
20. Nuvacron (L) -- -- 100 100 
Source: Information obtained from local pesticide dealers [L: Litre, Kg: Kilogram] 
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Table 5.5: Quantitative survey on crop-wise pesticide use pattern in Gondal Taluka 
 
Pesticides 
(Trade Name) 
Cropwise use of pesticides (approx.) 
Cotton Groundnut Vegetables Total per year
1. Mancozeb (L) -- 300 400 700 
2. Imidacloprid (L) 300 200 -- 500 
3.Cu-oxychloride (Kg) -- -- 400 400 
4. Chlorpyriphos (L) 130 -- 170 300 
5. Hexaconazole (L) -- 400 -- 400 
6. Endosulfan (L) 150 -- 200 350 
7. Monocrotophos (L) 160 90 -- 250 
8. Quinolphos (L) 300 -- -- 300 
9. -cyhalothrin (L) 250 -- -- 250 
10.Carbendazim (Kg) -- 100 60 160 
11.Indoxacarb (L) 200 -- -- 200 
12.Fenpropathrin (L) 150 -- -- 150 
13.Fenvalerate (L) 250 -- 200 450 
14.Thiram (Kg) -- 250 -- 250 
15.Phosphamidon (L) 80 -- 70 150 
16.Ethion/Diethion (L) 200 150 -- 350 
17.Propineb/Antracol (Kg) -- -- 120 120 
18. Cypermethrin (L) 200 100 150 450 
19. Profenofos (L) 700 -- -- 700 
20. Salfolite (Kg) 225 -- -- 225 
21. Bavistin (Kg) 50 80 120 250 
22. Demecron (L) -- 200 -- 200 
23. Nuvacron (L) -- -- 175 175 
Source: Information obtained from local pesticide dealers [L: Litre, Kg: Kilogram] 
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Table 5.6: Quantitative survey on crop-wise pesticide use pattern in Jetpur Taluka 
 
Pesticides 
(Trade Name) 
Cropwise use of pesticides (approx.) 
Cotton Groundnut Vegetables Total per year
1. Mancozeb (L) -- 200 250 450 
2. Imidacloprid (L) 180 120 -- 300 
3. Cu-oxychloride (Kg) -- -- 80 80 
4. Chlorpyriphos (L) 150 -- 50 200 
5. Hexaconazole (L) -- 250 -- 250 
6. Endosulfan (L) 60 40 125 225 
7. Monocrotophos (L) 100 30 50 180 
8. Quinolphos (L) 150 50 -- 200 
9. -cyhalothrin (L) 150 -- -- 150 
10. Cypermethrin (L) 140 60 100 300 
11.Indoxacarb (L) 150 -- -- 150 
12. Profenofos (L) 250 80 120 450 
13.Fenvalerate (L) 170 50 60 280 
14. Ethion (L) 100 50 75 225 
15.Phosphamidon (L) 100 -- -- 100 
16. Sulfolite (Kg) 150 -- -- 150 
17. Folidol/methyl parathion (L) -- 125 -- 125 
18. Rogor/Phosphamide (L) 160 -- -- 160 
Source: Information obtained from local pesticide dealers [L: Litre, Kg: Kilogram] 


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Figure 5.5: Cropwise consumption liquid formulation of pesticides at study sites


Figure 5.6: Cropwise consumption of powder formulation of pesticides at study sites
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5.3 SCREENING & ISOLATION OF PESTICIDE DEGRADING BACTERIA 
The soil samples were collected from thirty different cotton cultivated 
agricultural fields with more than six years history of pesticide application, ten 
samples each from three different talukas (administrative blocks) of Rajkot district. 
Eleven bacteria resistant to endosulfan (organochlorine) and / chlorpyrifos 
(organophosphorus) were isolated. Out of eleven bacterial isolates, two were isolated 
from Rajkot taluka, six from Gondal taluka and remaining three from Jetpur taluka. 
The pH and temperature of the cultivated soil ranged from 7.5 – 8.8 and 12oC – 45oC, 
respectively for Rajkot taluka. The pH and temperature of the soil ranged from 6.9 – 
7.9 and 15oC – 35oC, respectively for Gondal taluka. The pH and temperature of the 
soil ranged from 7.2 – 8.4 and 15oC – 40oC, respectively for Jetpur taluka. 
 
The secondary screening of bacterial isolates was carried out using minimal 
media supplemented with endosulfan and / chlorpyrifos. The media used was N-agar, 
however the strength of nutrients was kept half than that was used in primary 
screening test. The media was enriched with pesticide at the concentration of 10 
mg/L. The endosulfan and chlorpyrifos resistant bacterial isolates of 11 different 
colonies types were obtained from all the incubated plates after 48 hours of incubation 
at 37OC. The details of the endosulfan and/or chlorpyrifos resistant bacterial isolates 
are as given in Table 5.7. 
 
Moreover, out of eleven bacteria isolated in the present work, the majority of 
the bactereial isolates (six out of eleven) were obtained from Gondal taluka where 
pesticide spraying was more frequent. The microbial populations in this area were 
exposed to several types of pesticide applications, which has resulted in adaptation of 
the microbes against the anthropogenic agrochemicals. This is a remarkable property 
of the microbes, especially bacteria, which in due course of evolution develop the 
strategies against xenobiotic molecules present in the environment.  
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5.4 DETERMINATION OF MIC FOR BACTERIAL ISOLATES 
The Minimum Inhibitory Concentration (MIC) of endosulfan and chlorpyrifos in M-9 
media and the time taken for the appearance of first visible colony on the agar plate 
was worked out for the bacterial isolates. The delay in appearance of growth 
coincided with the concentration of pesticide.  
 
The pesticide tolerant bacterial isolates of Rajkot taluka showed growth in the 
presence of 10-20 mg/L of endosulfan and 10-60 mg/L of chlorpyrifos within 96 
hours of incubation, for both the pesticides. The pesticide tolerant bacterial isolates 
from Gondal taluka was found growing in the range of 10-30 mg/L of endosulfan and 
10-100 mg/L of chlorpyrifos, within 72 hours of incubation. The appearance of 
growth was observed in the range of 10-20 mg/L of endosulfan and 10-80 mg/L of 
chlorpyrifos, within 120 hours of incubation, for the isolates from Jetpur taluka. The 
majority of the endosulfan and chlorpyrifos resistant isolates were obtained from 
Gondal taluka.  
 
In the present study, eleven bacterial isolates resistant to both endosulfan and 
chlorpyrifos were selected. The two selected isolates from Rajkot taluka included 
RCE-2 and RCC-2, in which the MIC of RCE-2 was 20 mg/L of endosulfan and 10 
mg/L of chlorpyrifos, and that of RCC-2 was 10 mg/L of endosulfan and 60 mg/L of 
chlorpyrifos.  The six selected isolates from Gondal taluka included GCE-3, GCE-4, 
GCE-5, GCC-1, GCC-3 and GCC-4, in which the MIC of GCE-4 was found to be 
highest for endosulfan (30 mg/L) and of GCC-1 was highest for chlorpyrifos (100 
mg/L), followed by GCC-3 and GCC-4. The three selected isolates from Jetpur taluka 
included JCE-4, JCC-2 and JCC-3, in which the highest MIC was observed for the 
bacterial isolate JCC-2 for both endosulfan (20 mg/L) and chlorpyrifos (80 mg/L). 
The details of the MIC of various bacterial isolates from the three study sites were as 
given in the Table 5.8.  
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     Table 5.8: The MIC of pesticide tolerant selected bacterial isolates    

Sr.
No.
Bacterial 
isolates
ES-supplemented CP-supplemented
MIC 
(mg/L) 
Incubation 
Time (hr.) 
MIC 
(mg/L) 
Incubation 
Time (hr.) 
1 RCE-2 20 96 10 96 
2 RCC-2 10 96 60 96 
3 GCE-3 20 72 10 72 
4 GCE-4 30 72 10 72 
5 GCE-5 20 72 10 72 
6 GCC-1 25 72 100 72 
7 GCC-3 10 72 75 72 
8 GCC-4 10 72 60 72 
9 JCE-4 20 120 10 120 
10 JCC-2 20 120 80 120 
11 JCC-3 10 96 60 96 

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5.5 PESTICIDE ADAPTATION OF BACTERIAL ISOLATES 
The widespread agricultural use of pesticides resulted in these chemicals 
entering terrestrial and aquatic ecosystems. The microorganisms present in the soil are 
important means by which these compounds are removed from the environment, thus 
preventing from becoming pollution problems. Much work has been directed towards 
understanding the complexity of pesticide microbial interactions in soil. There are a 
number of studies that implicate the involvement of adapted soil microbial 
populations in accelerated pesticide degradation. In the present study, the adaptation 
of bacterial isolates against endosulfan and chlorpyrifos has been investigated.  
 
The growth of eleven bacterial isolates (mono-cultures) and four bacterial 
mixed cultures on different media supplemented with endosulfan and/or chlorpyrifos 
were observed at a time interval of 24 hours and incubation at room temperature, 
under static as well shaking conditions. The media selected for pesticide adaptation 
studies were agar plates and distilled water containing flask supplemented with 10 
mg/L each of endosulfan and chlorpyrifos. Pesticide adaptation of bacterial mono-
cultures and mixed cultures was studied at room temperature under both static and 
shaking condition (130 rpm) in terms of growth response. The details are as shown in 
the Tables 5.9 to 5.12. 
 
From the study, it was found that the bacterial isolates of Rajkot taluka were 
able to appear after 96 hours of incubation under both static and shaking conditions; 
however growth was more visible after 96 hours of incubation under shaking 
conditions. Therefore, it is clear that static and shaking conditions do not affect much 
on the initial adaptation of bacteria against pesticide, but shaking condition hastens 
the bacterial growth once the pesticide adaptation is secured. The bacterial isolates of 
Gondal taluka were able to grow after 72 hours of incubation under both static and 
shaking conditions, however good growth was noticed after 96 hours of incubation 
under shaking conditions. In case of bacterial isolates of Jetpur taluka, the initial 
appearance of growth was observed after 72 hours of incubation under both static and 
shaking conditions, however good growth was noticed after 96 hours of incubation 
under shaking conditions. 
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Table 5.9: Pesticide adaptation of bacterial isolates (mono-culture) at room   
                    temperature under static condition in terms of growth response 
 
Bacterial 
isolates
Growth of bacterial isolates in agar plates amended with  
endosulfan and chlorpyrifos (10 mg/L of each) 
Day
1
Day
2
Day
3
Day
4
Day
5
Day
6
Day
7
RCE-2 - - - + + + +
RCC-2 - - - - - - -
JCE-4 - - - - - + +
JCC-2 - - - - - + +
JCC-3 - - - + + + +
GCE-3 - - + + + + ++
GCE-4 - - - - - - -
GCE-5 - - - + + + +
GCC-1 - - + + + + ++
GCC-3 - - + + ++ ++ ++
GCC-4 - - - + + ++ ++
          + : Appearance of colonies, ++ : Good growth, - : No growth 
 
Table 5.10: Pesticide adaptation of bacterial isolates (mono-culture) at RT 
                     under shaking condition (130 rpm) in terms of growth response 
 
Bacterial 
isolates
Growth of bacterial isolates in flask containing DW 
amended with ES and CP (10 mg/L of each)
Day
1
Day
2
Day
3
Day
4
Day
5
Day
6
Day
7
RCE-2 - - - + + + +
RCC-2 - - - - - - -
JCE-4 - - - - - + +
JCC-2 - - - - - + +
JCC-3 - - - + + + +
GCE-3 - - + + + + ++
GCE-4 - - - - - - -
GCE-5 - - - + + + +
GCC-1 - - + + + + ++
GCC-3 - - + ++ ++ ++ ++
GCC-4 - - + ++ ++ ++ ++
      + : Appearance of turbidity, ++ : Good turbidity,  
       - : No observable change in turbidity 
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Table 5.11: Pesticide adaptation of mixed-cultures at room temperature in terms of  
                     growth response 
 
Name of 
Taluka Mixed culture 
Growth of mixed-culture in agar plates amended 
with ES and CP (10 mg/L of each)
Day
1
Day
2
Day
3
Day
4
Day
5
Day
6
Day
7
Rajkot RCEC22 - - + + ++ ++ ++
Gondal 
GCE345 - + + ++ ++ ++ ++
GCC134 - + + ++ ++ ++ ++
Jetpur JCECC423 - + ++ ++ ++ ++ ++
          + : Appearance of colonies, ++ : Good growth, - : No growth 
 
 
Table 5.12: Pesticide adaptation of mixed-cultures of at RT under shaking (130 rpm)  
                     condition in terms of growth response 
 
Name of 
Taluka 
 
 Mixed culture 
 
Growth of mixed-culture in flask containing DW 
amended with ES and CP (10 mg/L of each) 
Day
1
Day
2
Day
3
Day
4
Day
5
Day
6
Day
7
Rajkot RCEC22 - - + ++ ++ ++ ++
Gondal 
GCE345 - + ++ ++ ++ ++ ++
GCC134 - + ++ ++ ++ ++ ++
Jetpur JCECC423 - + ++ ++ ++ ++ ++
   + : Appearance of turbidity, ++ : Good turbidity,  
    - : No observable change in turbidity 
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5.6 VIABLE COUNT OF BACTERIAL ISOLATES 
The population of each bacterial isolates per gram of soil was determined in 
terms of CFUs using viable plate count technique. The N-agar plates supplemented 
separately with endosulfan (10 mg/L), chlorpyrifos (10 mg/L) and endosulfan plus 
chlorpyrifos (10 mg/L of each) were used. Also, N-agar plates not supplemented with 
any pesticide were used as control to determine the total bacterial count in the 
untreated soil. The bacterial cells visible to the naked eyes were counted in terms of 
CFUs.  
 
All the plating was performed in triplicates and results were represented as 
mean. After incubation for 48 hours at room temperature, high viable counts were 
recorded for the pesticide untreated N-agar plates in all cases, which were reported in 
the order of 1010 per gram of soil. Compare to endosulfan treated samples, the viable 
counts were found to be higher in case of chlorpyrifos treated soil samples.  
 
In case of endosulfan treated samples, the viable counts were in the order of 
107 per gram of soil, while in case of chlorpyrifos it was 108 per gram of soil. When 
the soil samples were treated both with endosulfan and chlorpyrifos, then the viable 
counts of bacterial isolates reported were the lowest; it was in the order of 106 per 
gram of soil. The details are as presented in the Table 5.13. 
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Table 5.13: Population of bacteria in N-agar plates supplemented with pesticides 
 
Bacterial 
Isolates
Population of bacterial isolates (CFU) per gram of soil 
Total Bacterial count 
(Pesticide free media) 
Endosulfan 
(10 mg/L) 
Chlorpyrifos 
(10 mg/L) 
ES + CP 
(10 mg/L of each) 
RCE-2 2.00 x 1010 4.51 x 107 5.26 x 108 3.80 x 106 
GCE-3 2.12 x 1010 4.33 x 107 5.37 x 108 3.92 x 106 
GCE-4 2.19 x 1010 4.91 x 107 5.75 x 108 4.15 x 106 
GCE-5 2.15 x 1010 4.72 x 107 5.54 x 108 4.11 x 106 
JCE-4 2.30 x 1010 5.16 x 107 6.04 x 108 4.34 x 106 
RCC-2 2.23 x 1010 5.06 x 107 5.89 x 108 4.26 x 106 
GCC-1 2.13 x 1010 4.82 x 107 4.82 x 108 4.06 x 106 
GCC-3 2.31 x 1010 5.20 x 107 6.10 x 108 4.40 x 106 
GCC-4 2.39 x 1010 5.36 x 107 6.27 x 108 4.53 x 106 
JCC-2 2.27 x 1010 5.11 x 107 5.98 x 108 4.29 x 106 
JCC-3 2.33 x 1010 5.18 x 107 6.06 x 108 4.35 x 106 
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5.7 PHYSICOCHEMICAL PROPERTIES OF SOILS
Soil properties like organic matter, N-P-K status, pH, electrical conductivity, 
etc. affect the degradation of pesticides in soil. Many soil properties greatly affect the 
persistence of pesticides under the field conditions. The moisture content in soil acts 
as solvent for pesticide movement and is essential for microbial functioning. The 
degradation of various pesticides is found to be slow in case of low soil moisture or 
dry soil. Soil pH affect pesticide adsorption and degradation processes. Soil organic 
matter can either decrease the microbial degradation of pesticide by stimulating 
pesticide adsorption process or enhance microbial activity by cometabolism. A certain 
minimum level of organic matter and N, P and K nutrients is essential to ensure the 
presence of an active microbial population that can degrade pesticides. 
 
In the present study, physicochemical properties, viz. bulk density (BD), 
porosity, soil moisture (SM), soil pH, electrical conductivity (EC), organic carbon, 
organic nitrogen and available phosphorus, of the soils used for the screening of 
bacterial isolates were determined. The BD of soils was found to be in the range of 
0.87 – 0.99 g/cc for Rajkot taluka, 0.92 – 0.99 g/cc for Gondal taluka and 0.93 – 1.01 
g/cc for Jetpur taluka. The porosity of soils was found to be in the range of 57.5 – 
77.4% for Rajkot taluka, 61.7 – 65.1% for Gondal taluka and 61.0 – 64.1% for Jetpur 
taluka. The SM was found to be in the range of 23.9 – 39.8% for Rajkot taluka, 38.0 – 
57.3% for Gondal taluka and 32.2 – 50.8% for Jetpur taluka. The soil pH was 
recorded in the range of 7.5 – 8.2 for Rajkot taluka, 7.3 – 7.8 for Gondal taluka and 
7.3 – 8.2 for Jetpur taluka. The EC of soil was recorded in the range of 0.61 – 0.85 
mS/cm for Rajkot taluka, 0.55 – 0.76 mS/cm for Gondal taluka and 0.65 – 0.84 
mS/cm for Jetpur taluka. For the soils of Rajkot taluka, organic C, organic N and 
available P were respectively recorded in the range of 5.1 – 8.4 g/Kg, 0.53 – 0.85 
g/Kg and 13.7 – 34.6 mg/Kg. For the soils of Gondal taluka, organic C, organic N and 
available P were respectively recorded in the range of 5.9 – 8.5 g/Kg, 0.6 – 0.9 g/Kg 
and 16.9 – 43.1 mg/Kg. For the soils of Jetpur taluka, organic C, organic N and 
available P were respectively recorded in the range of 6.2 – 7.2 g/Kg, 0.65 – 0.76 
g/Kg and 25.4 – 41.7 mg/Kg. The details are as given in Table 5.14. 
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5.8 PHYSICAL AND MORPHOLOGICAL CHARACTERISTICS OF  
      BACTERIAL ISOLATES 
 
For the selected bacterial isolates, colony morphology was observed by 
growing them on N-agar plates. The colony colour of majority of the bacterial isolates 
was white (RCC-2, JCE-4, JCC-2, GCE-4, GCE-5, GCC-1 and GCC-4). The RCE-2, 
GCE-3 and GCC-3 showed light yellow colour and JCC-3 colony was colourless.  
 
The colony size of the selected bacterial isolates varied from very small to 
large. The margin of colony of bacterial isolates was undulate (RCE-2, JCE-4, GCE-3 
and GCC-3), entire (RCC-2, JCC-2, JCC-3, GCE-4 and GCC-1) and curled (GCE-5 
and GCC-4). The elevation of the colony of bacterial isolates was flat (RCE-2, JCE-4, 
JCC-3, GCE-3, GCE-5 and GCC-4), raised (RCC-2, GCE-4, GCC-1 and GCC-3) and 
convex (JCC-3).  
 
The surface of the colony of bacterial isolates was glistering (RCE-2, RCC-2, 
JCE-4 and GCC-3), smooth (JCC-2, JCC-3, GCE-3, GCE-4 & GCC-1), dull (GCE-5) 
and light (GCC-4). The opacity of majority of bacterial isolates was opaque (RCE-2,
RCC-2, JCC-2, GCE-4, GCE-5, GCC-1, GCC-3 and GCC-4).  
 
The isolates JCE-4, JCC-3 and GCE-3 showed translucent opacity. The form 
of the colony was irregular in case of only two isolates JCC-3 and GCE-5, and 
circular for all other isolates. The details are as presented in the Table 5.15. 
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5.9 BIOCHEMICAL CHARACTERISTICS AND IDENTIFICATION OF
      BACTERIAL ISOLATES 
The bacterial isolates were gram positive rods (RCE-2, JCE-4, GCE-3 & 
GCE-5), gram negative rods (RCC-2, GCE-4, GCC-3 and GCC-4) and gram positive 
cocci (JCC-2, JCC-3 and GCC-1).  The biochemical tests such as MacConkey agar, 
motility, litmus milk agar, release of acid from sugar fermentation, H2S production, 
Indole production, nitrate reduction, MR reaction, VP reaction, citrate utilization, 
gelatin liquefaction, starch hydrolysis, coagulase, catalase, oxidase , urease and 
endospore formation were performed for the identification of selected bacterial 
isolates.  
 
All the isolate showed negative MacConkey agar test except RCC-2, GCE-4 
and GCC-4. The motility was exhibited by isolates RCE-2, RCC-2, GCE-4 & GCE-5 
and all other isolates were non-motile. The litmus milk agar test was positive only for 
isolates RCC-2, JCE-4, GCE-5 and GCE-3. The isolates RCE-2 and GCE-5 were 
dextrose fermentative and released gas from dextrose, RCC-2 and GCE-4 were 
dextrose non-fermentative, while other isolates were dextrose fermentative but did not 
release gas. Out of eleven isolates, only one isolate GCC-3 was lactose fermentative 
and released gas, six isolates (RCE-2, JCE-4, JCC-3, GCE-3, GCE-5 and GCC-4) 
were lactose fermentative but did not release gas and the remaining four isolates 
(RCC-2, JCC-2, GCE-4 and GCC-1) were lactose non-fermentative. The isolates 
GCE-5 and GCC-3 were sucrose fermentative and released gas, while RCC-2, GCE-4 
and GCC-1 were sucrose non-fermentative and rest others are sucrose fermentative 
but did not release gas. Out of eleven isolates, only one isolate GCC-1 showed 
positive test for H2S production, while remaining ten isolates gave negative results.  
 
In case of indole production, only one isolate GCC-3 showed positive result 
and the rest others exhibited negative test. The nitrate reduction test was positive for 
five isolates (RCE-2, JCE-4, GCE-3, GCE-4 and GCC-1) and negative for remaining 
six isolates. The result of methyl red (MR) reaction was positive for only one isolate 
GCC-4, and negative for remaining ten isolates.  
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The Voges-Proskauer (V.P.) test showed positive result only for two isolates 
(GCC-3 and GCC-4) and it was negative for remaining nine isolates. The citrate 
utilization test was positive for four isolates (RCE-2, JCE-4, GCE-3 and GCE-5) and 
negative for remaining seven isolates. The gelatin liquefaction was negative for three 
isolates (JCC-2, JCC-3 and GCE-4) and positive for rest eight isolates. 
 
In case of starch hydrolysis, out of eleven bacterial isolates only five isolates 
(RCE-2, JCE-4, GCE-3, GCE-4 and GCC-4) showed positive results and rest six gave 
negative results. The coagulase test was positive for three isolates (JCC-2, JCC-3 and 
GCC-3) and negative for remaining eight isolates. The the results of catalase test were 
positive for four isolates (RCE-2, JCE-4, GCE-3 and GCC-1) and negative for 
remaining seven isolates. The oxidase test was positive for only two isolates (RCE-2 
and GCC-4) and negative for remaining all other bacterial isolates. The result of 
urease test was positive for only one isolate (GCC-3) and negative for remaining ten 
isolates. The formation of endospore was observed in three isolates (RCE-2, GCE-5 
and GCC-3) and it was not found in other eight isolates.  
On the basis of various biochemical tests, the bacterial isolates have been 
identified as Bacillus subtilis (RCE-2), Pseudomonas aeruginosa (RCC-2),
Arthrobacter sp. (JCE-4), Staphylococcus sp.(JCE-2), Streptococcus sp. (JCC-3),
Arthrobacter sp. (GCE-3), Pseudomonas putida (GCE-4), Bacillus pumulus (GCE-5),
Staphylococcus sp. (GCC-1), Flavobacterium sp. (GCC-3) & Azomonas sp. (GCC-4). 
The details of the gram staining and biochemical tests are as given in Table 5.16.          
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5.10 GROWTH RESPONSE OF BACTERIAL ISOLATES  
         IN PRESENCE OF PESTICIDES 
The growth response of bacterial isolates in presence of pesticides has been 
investigated by utilizing three different media, viz. N-agar, M9 and LB. The pesticide 
response studies were carried out for both bacterial monocultures and mixed-cultures. 
All these media containing mono- or mixed-cultures were supplemented with either 
endosulfan (10 mg/L) or chlorpyrifos (10 mg/L) or both ES and CP (10 mg/L each).  
 
In case of broth cultures the O. D. of the cultures was measured at 600 nm at 
an interval of 24 hours for 7 days. The monocultures of bacterial isolates showed 
higher growth in presence of pesticides when cultured using salt rich LB and M9 
media compare to the N-agar media. The same trend in growth response was also 
observed in case of mixed bacterial cultures.  
The growth response of bacterial isolates in presence of endosulfan (10 mg/L) 
on different media at room temperature varied significantly. In N-agar media, the 
appearance of good growth was noticed after incubation period of 48-96 hours, with 
the mean incubation time of 74.2 hours. In M9 media, the appearance of good growth 
was recorded after incubation period of 24 – 72 hours, with the mean incubation time 
of 52.4 hours. In case of LB media, the appearance of good growth in the monoculture 
was reported after incubation period of 24 – 72 hours, with the mean incubation time 
of 50.2 hours (Table 5.17). 
 
The growth response of isolates in presence of chlorpyrifos (10 mg/L) on 
different media at room temperature varied significantly. In N-agar media, the 
appearance of good growth was noticed after incubation period of 48 – 96 hours, with 
the mean incubation time of 65.5 hours. In M9 media, the appearance of good growth 
was recorded after incubation period of 24 – 72 hours, with the mean incubation time 
of 39.3 hours. In case of LB media, the appearance of good growth in was reported 
after incubation period of 24 – 72 hours, with the mean incubation time of 43.6 hours 
(Table 5.18). 
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Table 5.17: Growth response of bacterial isolates (mono-culture) in presence of  
                     endosulfan (10 mg/L) on different media at room temperature 
 
Bacterial 
isolates
Incubation period (hours) after which good growth 
was observed in different media used for culturing 
N-Agar media M9 media LB media 
RCE-2 96 72 72 
RCC-2 48 48 48 
JCE-4 96 72 48 
JCC-2 48 24 24 
JCC-3 48 48 24 
GCE-3 48 24 48 
GCE-4 72 48 48 
GCE-5 96 72 72 
GCC-1 72 48 48 
GCC-3 96 72 72 
GCC-4 96 48 48 
 
 
 
Table 5.18: Growth response of bacterial isolates (mono-culture) in presence of  
                      chlorpyrifos (10 mg/L) on different media at room temperature 
 
Bacterial 
isolates
Incubation period (hours) after which good growth 
was observed in different media used for culturing
N-Agar media M9 media LB media 
RCE-2 72 48 48 
RCC-2 96 48 48 
JCE-4 72 72 48 
JCC-2 48 24 24 
JCC-3 48 24 24 
GCE-3 48 24 24 
GCE-4 48 24 48 
GCE-5 72 48 48 
GCC-1 72 24 48 
GCC-3 72 48 72 
GCC-4 72 48 48 
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The growth response of bacterial monoculture in presence of both endosulfan 
and chlorpyrifos (10 mg/L of each) on different media at room temperature varied 
significantly. In N-agar media, the appearance of good growth in the culture was 
noticed after incubation period of 72 – 96 hours, with the mean incubation time of 85 
hours. In M9 media, the appearance of good growth was recorded after incubation 
period of 48 – 72 hours, with the mean incubation time of 56.7 hours. In case of LB 
media, the appearance of good growth in was reported after incubation period of 48 – 
96 hours, with the mean incubation time of 72 hours (Table 5.19). From the value of 
mean incubation period, it is clear that the highest growth response of bacterial 
monoculture was found in the M9 media. 
 
The growth response of bacterial mixed-cultures of Rajkot, Gondal and Jetpur 
talukas in presence of endosulfan (10 mg/L) on different media at room temperature 
was found to be varying significantly. In N-agar media, the appearance of good 
growth in the culture was noticed after incubation period of 72 – 96 hours, with the 
mean incubation time of 90 hours. In M9 media, the appearance of good growth was 
recorded after incubation period of 24 – 48 hours, with the mean incubation time of 
42 hours. In case of LB media, the appearance of good growth in was reported after 
incubation period of 48 – 72 hours, with the mean incubation time of 54 hours   
(Table 5.20). From the value of mean incubation period, it is clear that the highest 
growth response of bacterial mixed-culture was found in the M9 media. 
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Table 5.19: Growth response of bacterial isolates (mono-culture) in presence of both  
                     ES and CP (10 mg/L of each) on different media at room temperature 
 
Bacterial 
isolates
Incubation period (hours) after which good growth 
was observed in different media used for culturing 
N-Agar media M9 media LB media 
RCE-2 96 72 96 
RCC-2 72 48 72 
JCE-4 96 72 72 
JCC-2 72 48 72 
JCC-3 72 48 72 
GCE-3 72 48 48 
GCE-4 96 48 72 
GCE-5 96 72 72 
GCC-1 72 48 72 
GCC-3 96 72 72 
GCC-4 96 48 72 
 
Table 5.20: Growth response of mixed-cultures of Rajkot, Gondal and Jetpur talukas  
                     in presence of endosulfan (10 mg/L) on different media at RT 
 
Name of 
Taluka Mixed culture 
Culture
Code
Incubation period (hours) after 
which good growth was observed 
N-Agar M9 media LB media 
Rajkot RCEC-2 + RCC-2 RCEC22 96 48 72 
Gondal 
GCE-3 + GCE-4 + 
GCE-5 GCE345 96 48 48 
GCC-1 + GCC-3 + 
GCC-4 GCC134 96 48 48 
Jetpur JCE-4 + JCC-2 + JCC-3 JCECC423 72 24 48 
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The growth response of bacterial mixed-cultures of Rajkot, Gondal and Jetpur 
talukas in presence of chlorpyrifos (10 mg/L) on different media at room temperature 
was found to be varying significantly. In N-agar media, the appearance of good 
growth in the culture was noticed after incubation period of 48 – 72 hours, with the 
mean incubation time of 66 hours. In M9 media, the appearance of good growth was 
recorded after incubation period of 24 hours in all the mixed-cultures. In case of LB 
media, the appearance of good growth in was reported after incubation period of 24 – 
48 hours, with the mean incubation time of 33 hours (Table 5.21). From the value of 
mean incubation period, it is clear that the highest growth response of bacterial 
mixed-culture was found in the M9 media. 
 
The growth response of bacterial mixed-cultures in presence of both 
endosulfan and chlorpyrifos (10mg/L of each) on different media at room temperature 
was found to be varying significantly. In N-agar media, the appearance of good 
growth in the culture was noticed after incubation period of 72 – 96 hours, with the 
mean incubation time of 90 hours. In M9 media, the appearance of good growth was 
recorded after incubation period of 48 – 72 hours, with the mean incubation time of 
54 hours. In case of LB media, the appearance of good growth in was reported after 
incubation period of 72 – 96 hours, with the mean incubation time of 78 hours   
(Table 5.22). From the value of mean incubation period, it is clear that the highest 
growth response of bacterial mixed-culture was found in the M9 media. 
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Table 5.21: Growth response of mixed-cultures of Rajkot, Gondal and Jetpur  
                     talukas in presence of CP (10 mg/L) on different media at RT 
 
Name of 
Taluka 
Mixed
culture 
Incubation period (hours) after which 
good growth was observed 
N-Agar M9 media LB media 
Rajkot RCEC22 72 24 48 
Gondal 
GCE345 72 24 24 
GCC134 72 24 24 
Jetpur JCECC423 48 24 36 
 
 
Table 5.22: Growth response of mixed-cultures of Rajkot, Gondal and Jetpur talukas  
                     in presence of both ES & CP (10 mg/L of each) on different media at RT 
 
Name of 
Taluka 
Mixed
culture
Incubation period (hours) after which 
good growth was observed 
N-Agar M9 media LB media 
Rajkot RCEC22 96 72 96 
Gondal 
GCE345 96 48 72 
GCC134 96 48 72 
Jetpur JCECC423 72 48 72 
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The growth response of bacterial mono-cultures in LB broth amended with 
endosulfan (20 mg/L) at room temperature and under shaking condition (130 rpm), 
was found to be varying significantly. The growth response was monitored by 
measuring the absorbance of cultures at 600 nm for a period of seven days. For 
majority of the mono-cultures, the growth was found to be maximal after 3 days of 
incubation. The growth was reported the highest for the culture GCC-3 after 3 days of 
incubation and the lowest for culture RCC-2 during the entire period of incubation. 
The rapid initial growth was recorded for the culture GCC-3 and the slowest for the 
culture RCE-2, after 24 hours of incubation.  The details are as given in Table 5.23 
and Figure 5.7. 
 
The growth response of bacterial mono-cultures in LB broth amended with 
chlorpyrifos (20 mg/L) at room temperature and under shaking condition (130 rpm), 
was found to be varying significantly. The growth response was monitored by 
measuring the absorbance of cultures at 600 nm for a period of seven days. For 
majority of the mono-cultures, the growth was found to be maximal after 5 days of 
incubation. The growth was reported the highest for the culture GCC-3 after 5 days of 
incubation and the lowest for culture RCE-2 during the entire period of incubation. 
The rapid initial growth was recorded for the culture GCC-4 and the slowest for the 
culture RCE-2, after 24 hours of incubation.  The details are as given in Table 5.24 
and Figure 5.8. 
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Table 5.23: Growth of bacterial isolates in LB broth amended with ES (20 mg/L) at   
                     RT under shaking condition (130 rpm)  
 
Bacterial 
isolates
O. D. of  cultures at 600 nm 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
RCE-2 0.05 0.29 0.44 0.58 0.65 0.74 0.83 0.96 
RCC-2 0.13 0.31 0.34 0.36 0.46 0.52 0.57 0.72 
JCE-4 0.29 0.43 0.54 0.65 0.72 0.84 0.89 0.97 
JCC-2 0.27 0.42 0.50 0.57 0.72 0.80 0.86 0.89 
JCC-3 0.31 0.44 0.52 0.59 0.67 0.78 0.83 0.86 
GCE-3 0.30 0.39 0.48 0.64 0.79 0.86 0.93 0.99 
GCE-4 0.30 0.42 0.54 0.66 0.78 0.87 0.91 0.96 
GCE-5 0.45 0.58 0.65 0.76 0.88 0.91 0.93 0.96 
GCC-1 0.44 0.49 0.58 0.67 0.78 0.81 0.86 0.89 
GCC-3 0.46 0.69 0.77 0.84 0.86 0.91 0.93 0.96 
GCC-4 0.42 0.49 0.56 0.63 0.72 0.78 0.87 0.91 
 
 
 
 
 
Figure 5.7: Growth of bacterial isolates in LB broth amended with ES 
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Table 5.24: Growth of bacterial isolates in LB broth amended with CP (20 mg/L) at  
                     RT under shaking condition (130 rpm)  
 
Bacterial 
isolates
O. D. of  cultures at 600 nm 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
RCE-2 0.11 0.32 0.39 0.48 0.58 0.64 0.73 0.82 
RCC-2 0.15 0.37 0.48 0.53 0.64 0.72 0.87 0.92 
JCE-4 0.35 0.41 0.53 0.59 0.69 0.74 0.82 0.88 
JCC-2 0.29 0.44 0.55 0.67 0.78 0.89 0.94 0.98 
JCC-3 0.36 0.49 0.59 0.65 0.79 0.88 0.92 0.96 
GCE-3 0.38 0.43 0.56 0.67 0.78 0.83 0.89 0.91 
GCE-4 0.34 0.49 0.58 0.66 0.78 0.83 0.86 0.89 
GCE-5 0.48 0.56 0.69 0.73 0.82 0.89 0.91 0.92 
GCC-1 0.49 0.54 0.62 0.77 0.83 0.91 0.94 0.96 
GCC-3 0.44 0.56 0.67 0.86 0.91 0.95 0.97 0.99 
GCC-4 0.45 0.59 0.65 0.71 0.78 0.89 0.92 0.93 
 
 
 
 
Figure 5.8: Growth of bacterial isolates in LB broth amended with CP 
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The growth response of bacterial mono-cultures in LB broth amended with 
both endosulfan and chlorpyrifos (20 mg/L of each) at room temperature and under 
shaking condition (130 rpm) was found to be varying significantly. The growth 
response was monitored by measuring the absorbance of cultures at 600 nm for a 
period of seven days. For majority of the mono-cultures, the growth was found to be 
maximal after 6 days of incubation. The growth was reported the highest for the 
culture GCC-3 after 6 days of incubation and the lowest for culture RCE-2 during the 
entire period of incubation. The rapid initial growth was recorded for the culture 
GCC-3 and the slowest for the culture RCE-2, after 24 hours of incubation.  The 
details are as presented in Table 5.25 and Figure 5.9. 
 
The growth response of bacterial mono-cultures in M9 broth amended with 
endosulfan (20 mg/L) at room temperature and under shaking condition (130 rpm) 
was found to be varying significantly. The growth response was monitored by 
measuring the absorbance of cultures at 600 nm for a period of seven days. For 
majority of the mono-cultures, the growth was found to be maximal after 4 days of 
incubation. The growth was reported the highest for the culture GCC-3 after 5 days of 
incubation and the lowest for culture RCC-2 during the entire period of incubation. 
The rapid initial growth was recorded for the culture GCC-3 and the slowest for the 
culture RCE-2, after 24 hours of incubation.  The details are as given in Table 5.26 
and Figure 5.10. 
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Table 5.25: Growth of bacterial isolates in LB broth amended with both ES and CP  
                     (20 mg/L of each) at RT under shaking condition (130 rpm) 
 
Bacterial 
isolates
O. D. of  cultures at 600 nm 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
RCE-2 0.08 0.23 0.32 0.38 0.51 0.67 0.74 0.78 
RCC-2 0.11 0.27 0.34 0.45 0.56 0.67 0.78 0.85 
JCE-4 0.22 0.34 0.45 0.52 0.68 0.71 0.80 0.84 
JCC-2 0.24 0.37 0.49 0.57 0.66 0.75 0.82 0.88 
JCC-3 0.31 0.42 0.51 0.63 0.72 0.78 0.86 0.91 
GCE-3 0.28 0.38 0.46 0.56 0.68 0.73 0.81 0.89 
GCE-4 0.24 0.33 0.48 0.59 0.65 0.78 0.83 0.86 
GCE-5 0.29 0.36 0.43 0.55 0.72 0.84 0.89 0.90 
GCC-1 0.33 0.45 0.52 0.64 0.74 0.87 0.91 0.92 
GCC-3 0.34 0.49 0.56 0.67 0.76 0.88 0.92 0.94 
GCC-4 0.35 0.47 0.55 0.69 0.75 0.82 0.87 0.91 
 
 
 
Figure 5.9: Growth of bacterial isolates in LB broth amended with both ES & CP 
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Table 5.26: Growth of bacterial isolates in M9 broth amended with ES (20 mg/L) at  
                     RT under shaking condition (130 rpm) 
 
Bacterial 
isolates
O. D. of  cultures at 600 nm 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
RCE-2 0.17 0.30 0.45 0.59 0.68 0.77 0.85 0.98 
RCC-2 0.14 0.32 0.35 0.37 0.48 0.54 0.59 0.73 
JCE-4 0.30 0.45 0.56 0.66 0.76 0.87 0.92 0.99 
JCC-2 0.28 0.44 0.52 0.58 0.76 0.83 0.89 0.91 
JCC-3 0.33 0.46 0.54 0.60 0.70 0.81 0.85 0.88 
GCE-3 0.32 0.41 0.49 0.65 0.83 0.89 0.96 1.01 
GCE-4 0.32 0.44 0.56 0.67 0.82 0.90 0.94 0.98 
GCE-5 0.47 0.60 0.67 0.78 0.92 0.95 0.96 0.98 
GCC-1 0.46 0.51 0.60 0.68 0.82 0.84 0.89 0.91 
GCC-3 0.48 0.72 0.79 0.86 0.90 0.95 0.96 0.98 
GCC-4 0.44 0.51 0.58 0.64 0.76 0.81 0.90 0.93 
 
 
 
Figure 5.10: Growth of bacterial isolates in M9 broth amended with ES 
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The growth response of bacterial mono-cultures in M9 broth amended with 
chlorpyrifos (20 mg/L) at room temperature and under shaking condition (130 rpm) 
was found to be varying significantly. The growth response was monitored by 
measuring the absorbance of cultures at 600 nm for a period of seven days. For 
majority of the mono-cultures, the growth was found to be maximal after 4 days of 
incubation. The growth was reported the highest for the culture GCC-3 after 4 days of 
incubation and the lowest for culture RCE-2 during the entire period of incubation. 
The rapid initial growth was recorded for the culture GCC-4 and the slowest for the 
culture RCE-2, after 24 hours of incubation.  The details are as given in Table 5.27 
and Figure 5.11. 
 
The growth response of bacterial mono-cultures in M9 broth amended with 
both endosulfan and chlorpyrifos (20 mg/L of each) at room temperature and under 
shaking condition (130 rpm) was found to be varying significantly. The growth 
response was monitored by measuring the absorbance of cultures at 600 nm for a 
period of seven days. For majority of the mono-cultures, the growth was found to be 
maximal after 5 days of incubation. The growth was reported the highest for the 
culture GCC-3 after 6 days of incubation and the lowest for culture RCE-2 during the 
entire period of incubation. The rapid initial growth was recorded for the culture 
GCC-3 and the slowest for the culture RCE-2, after 24 hours of incubation.  The 
details are as presented in Table 5.28 and Figure 5.12. 
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Table 5.27: Growth of bacterial isolates in M9 broth amended with CP (20 mg/L) at  
                       RT under shaking condition (130 rpm) 
 
Bacterial 
isolates
O. D. of  bacterial cultures at 600 nm 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
RCE-2 0.22 0.33 0.40 0.49 0.63 0.67 0.75 0.84 
RCC-2 0.26 0.38 0.49 0.54 0.69 0.75 0.90 0.92 
JCE-4 0.38 0.43 0.55 0.60 0.75 0.77 0.84 0.90 
JCC-2 0.31 0.46 0.57 0.68 0.84 0.93 0.97 0.99 
JCC-3 0.39 0.51 0.61 0.66 0.85 0.92 0.95 0.98 
GCE-3 0.41 0.45 0.58 0.68 0.84 0.86 0.92 0.93 
GCE-4 0.37 0.51 0.60 0.67 0.84 0.86 0.89 0.91 
GCE-5 0.52 0.58 0.71 0.74 0.89 0.93 0.94 0.96 
GCC-1 0.53 0.56 0.64 0.79 0.90 0.95 0.97 0.98 
GCC-3 0.48 0.58 0.69 0.88 0.92 0.95 0.97 0.99 
GCC-4 0.49 0.61 0.67 0.72 0.84 0.93 0.95 0.97 
 
 
 
 
Figure 5.11: Growth of bacterial isolates in M9 broth amended with CP 
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Table 5.28: Growth of bacterial isolates in M9 broth amended with both ES & CP  
                     (20 mg/L of each) at RT under shaking condition (130 rpm)  
 
Bacterial 
isolates
O. D. of  bacterial cultures at 600 nm 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
RCE-2 0.19 0.24 0.33 0.39 0.55 0.70 0.76 0.80 
RCC-2 0.21 0.28 0.35 0.46 0.60 0.70 0.80 0.87 
JCE-4 0.24 0.35 0.46 0.53 0.73 0.74 0.82 0.86 
JCC-2 0.26 0.38 0.50 0.58 0.71 0.78 0.84 0.90 
JCC-3 0.33 0.44 0.53 0.64 0.78 0.81 0.89 0.93 
GCE-3 0.30 0.40 0.47 0.57 0.73 0.76 0.83 0.91 
GCE-4 0.26 0.34 0.49 0.60 0.70 0.81 0.85 0.88 
GCE-5 0.31 0.37 0.44 0.56 0.78 0.87 0.92 0.92 
GCC-1 0.36 0.47 0.54 0.65 0.80 0.90 0.94 0.94 
GCC-3 0.37 0.51 0.58 0.68 0.82 0.92 0.95 0.96 
GCC-4 0.38 0.49 0.57 0.70 0.81 0.85 0.90 0.93 
 
 
 
Figure 5.12: Growth of bacterial isolates in M9 broth amended with both ES & CP 
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
O
. D
. o
f  
cu
ltu
re
s a
t 6
00
 n
m
Duration of incubation (Days)
RCE-2
RCC-2
JCE-4
JCC-2
JCC-3
GCE-3
GCE-4
GCE-5
GCC-1
GCC-3
GCC-4
123

5.11 EFFECT OF TEMPERATURE ON THE GROWTH OF  
         BACTERIAL ISOLATES 
 
 The effect of temperature on the biodegradation of pesticide depends on the 
molecular structure of the pesticide. Temperature affects solubility, adsorption and 
hydrolysis of pesticides in soil. With the rise in temperature, adsorption of pesticide 
decreases and solubility increases. The activity of soil microorganisms is stimulated 
with the rise in temperature. The maximum growth and activity of microorganisms in 
soils are reported at 25oC to 35oC of temperature. It has been also reported that the 
pesticide degradation is optimal at temperature range of 25oC to 40oC. There is a 
direct relationship between temperature and pesticide concentration in the soil. At 
lower temperature, the persistence of various pesticides in the soil is found to be 
higher.  
 
In the present work, growth response of each bacterial isolate was studied by 
varying incubation temperatures, in order to determine the optimum temperature. Five 
different incubation temperatures viz. 15oC, 25oC, 30oC, 37oC and 45oC were 
selected, and the O.D. of the culture broth was measured at 600 nm, after 48 hours of 
incubation at respective temperatures.  

The optimum growth temperature for the endosulfan-resistant isolate of Rajkot 
taluka (RCE-2) was 30oC and that of chlorpyrifos-resistant isolate (RCC-2) it was 
37oC. For the isolates of Gondal taluka, the optimum growth temperature was 25oC 
(GCE-3) and 30oC (GCE-4 and GCE-5) for endosulfan-resistant isolates, as 
mentioned in the parenthesis, and 37oC (GCC-1), 25oC (GCC-3) and 30oC (GCC-4) 
for chlorpyrifos-resistant isolates.  In case of isolates of Jetpur taluka, the optimum 
growth temperature was 25oC for endosulfan-resistant isolates (JCE-4) and 37oC for 
chlorpyrifos-resistant isolates (JCC-2 and JCC-3). The details are as given in the 
Tables 5.29 and 5.30, and Figures 5.13 and 5.14.    
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Table 5.29: Effect of temperature on the growth of ES-tolerant bacterial isolates  
 
Bacterial 
isolates
O. D. (600 nm) of cultures in N-broth after 48 hrs. of incubation 
15oC 25oC 30oC 37oC 45oC
RCE-2 0.25 0.43 0.68 0.56 0.39 
JCE-4 0.32 0.57 0.44 0.39 0.33 
GCE-3 0.28 0.53 0.48 0.39 0.31 
GCE-4 0.34 0.51 0.63 0.44 0.37 
GCE-5 0.23 0.42 0.65 0.53 0.34 
 
 
 
 
 
Figure 5.13: Effect of temperature on the growth of ES-tolerant bacterial isolates 
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  Table 5.30: Effect of temperature on the growth of CP-tolerant bacterial isolates 
 
Bacterial 
isolates
O. D. (600 nm) of cultures in N-broth after 48 hrs. of incubation 
15oC 25oC 30oC 37oC 45oC
RCC-2 0.17 0.39 0.52 0.65 0.34 
JCC-2 0.25 0.36 0.47 0.58 0.32 
JCC-3 0.23 0.35 0.48 0.69 0.36 
GCC-1 0.26 0.42 0.53 0.61 0.39 
GCC-3 0.29 0.58 0.49 0.42 0.33 
GCC-4 0.31 0.44 0.65 0.59 0.37 
 
 
 
 
 
 
Figure 5.14: Effect of temperature on the growth of CP-tolerant bacterial isolates 
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5.12 EFFECT OF pH ON THE GROWTH OF BACTERIAL ISOLATES 
The soil pH may affect pesticide adsorption, abiotic and biotic degradation 
processes. It also influences mobility and bioavailability of pesticide in the soil. The 
effect of soil pH on degradation of a given pesticide depends greatly on whether a 
compound is susceptible to alkaline or acid catalyzed hydrolysis. Soil pH influences 
the sorptive behaviour of pesticide molecule on clay and organic surfaces in the soil.  

In the present work, growth response of each bacterial isolate was studied by 
different value of pH, in order to determine the optimum pH. For determining the 
optimum pH for growth, six different pH viz. 5.0, 6.0, 7.0, 7.5, 8.0 and 9.0 were 
selected, and the O.D. of the culture broth was measured at 600 nm, after 48 hours of 
incubation. 
  
The optimum growth pH for the endosulfan-resistant isolate of Rajkot taluka 
(RCE-2) was pH 7.0 and that of chlorpyrifos-resistant isolate (RCC-2), it was pH 7.5. 
For endosulfan-resistant isolates of Gondal taluka (GCE-3, GCE-4 & GCE-5), the 
optimum pH was 7.0 and for chlorpyrifos-resistant isolates, it was 7.5 (GCC-1 and 
GCC-4) and 7.0 (GCC-3).  In case of isolates of Jetpur taluka, the optimum growth 
pH was 7.0 for endosulfan-resistant isolate (JCE-4) and 8.0 (JCC-2) and 6.0 (JCC-3) 
for chlorpyrifos-resistant isolates.  
 
In all cases, it was found that the growth culture decline sharply below pH 5.0. 
The reduction in growth of the isolates was also observed above pH 9.0. Therefore, 
the optimization of pH is absolutely essential before large scale culture of the isolate 
degrading the endosulfan and/or chlorpyrifos. The details about the optimum pH for 
growth of isolates are as presented in the Tables 5.31 and 5.32, and Figures-5.15 and
5.16. 
 
The comparative values of optimum pH and optimum temperature for the 
growth of different bacterial isolates are as tabulated in the Table 5.33 and 
represented in the Figure 5.17.  
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Table 5.31: Effect of pH on the growth of endosulfan tolerant bacterial isolates 
 
Bacterial 
isolates
O. D. (600 nm) of cultures in N-broth after 48 hrs. of incubation 
pH 5.0 pH 6.0 pH 7.0 pH 7.5 pH 8.0 pH 9.0 
RCE-2 0.18 0.34 0.53 0.48 0.36 0.28 
JCE-4 0.23 0.37 0.56 0.44 0.31 0.25 
GCE-3 0.25 0.43 0.59 0.46 0.39 0.24 
GCE-4 0.28 0.45 0.64 0.58 0.47 0.32 
GCE-5 0.27 0.48 0.61 0.52 0.44 0.31 
 
 
 
 
 
 
Figure 5.15: Effect of pH on the growth of ES-tolerant bacterial isolates 
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Table 5.32: Effect of pH on the growth of chlorpyrifos tolerant bacterial isolates 
Bacterial 
isolates
O. D. (600 nm) of cultures in N-broth after 48 hrs. of incubation 
pH 5.0 pH 6.0 pH 7.0 pH 7.5 pH 8.0 pH 9.0 
RCC-2 0.12 0.31 0.47 0.68 0.42 0.34 
JCC-2 0.18 0.29 0.41 0.54 0.62 0.51 
JCC-3 0.27 0.56 0.49 0.38 0.31 0.22 
GCC-1 0.21 0.34 0.53 0.65 0.55 0.36 
GCC-3 0.32 0.41 0.59 0.47 0.33 0.28 
GCC-4 0.24 0.35 0.51 0.69 0.57 0.38 
Figure 5.16: Effect of pH on the growth of CP-tolerant bacterial isolates 
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Table 5.33: Optimum temperature and pH for the growth of bacterial isolates 
 
 
 
 
 
 
 
 

 
Figure 5.17: Optimum temperature and pH values for the growth of bacterial isolates
Bacterial  
Isolates
Optimum 
Temperature (oC)
Optimum 
pH
RCE-2 30 7.0 
RCC-2 37 7.0 
JCE-4 25 7.0 
JCC-2 30 8.0 
JCC-3 37 6.0 
GCE-3 25 7.0 
GCE-4 30 7.0 
GCE-5 30 7.0 
GCC-1 37 7.5 
GCC-3 25 7.0 
GCC-4 30 7.5 
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5.13 RECOVERY OF PESTICIDES FROM N-BROTH AND SOIL SLURRY 
The bioremediation studies of technical grade endosulfan and chlorpyrifos 
were performed by bacterial monocultures as well as bacterial mixed cultures, using 
N-broth and soil slurry as media. The recovery efficiency of endosulfan from N-broth 
and soil slurry media using chloroform extraction followed by D-TLC estimation was 
determined. The recovery efficiency ranged from 59.6% to 88% in case of N-broth, 
while it was between 46.1% and 66.3% in case of soil slurry. The average recovery 
efficiency of endosulfan was found to be 76.4% from N-broth and 55.9% from soil 
slurry. The recovery efficiency was found to be lower, in case of less amount of 
endosulfan was added in the N-broth as well as in soil slurry, as given in Table 5.34.
Also, the recovery efficiency of endosulfan was lower in case of soil slurry compared 
to that of N-broth. The calibration curve of endosulfan concentration versus spot 
intensity in D-TLC was shown in the Figure 5.18 with the R-square value of 0.95, 
and the corresponding TLC plates showing spots of endosulfan were as represented in 
the Figures 5.20 and 5.21.
The recovery efficiency of chlorpyrifos from N-broth and soil slurry using 
chloroform extraction followed by D-TLC estimation was determined. The recovery 
efficiency ranged from 63% to 91.7% in case of N-broth, while it was between 48.2% 
and 70.8% in case of soil slurry. The average recovery efficiency of chlorpyrifos was 
found to be 77.9% from N-broth and 60% from soil slurry. The recovery efficiency 
was found to be lower, when lower amount of chlorpyrifos was added in the N-broth 
as well as in soil slurry (Table 5.35). Also, the recovery efficiency of chlorpyrifos 
was lower in case of soil slurry compared to that of N-broth. The calibration curve of 
chlorpyrifos concentration versus spot intensity in D-TLC was as represented in the 
Figure 5.19 with the R-square value of 0.98, and the corresponding TLC plates 
showing spots of chlorpyrifos as given in the Figures 5.22 and 5.23.
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 Table 5.34:  Recovery of endosulfan from N-broth and soil slurry   
Sr.
No.
Endosulfan in N-broth Endosulfan in Soil slurry
Amount 
added
(mg/L) 
Amount 
recovered
(mg/L) 
%
Recovery
Amount 
added
(mg/L) 
Amount 
recovered
(mg/L) 
%
Recovery
1 10 5.96 59.60 10 4.61 46.10
2 15 11.19 74.60 15 7.86 52.40
3 20 15.67 78.35 20 11.08 55.40
4 25 20.37 81.48 25 14.81 59.24
5 30 26.41 88.03 30 19.89 66.30
% Average Recovery 76.41 --- --- 55.88
Table 5.35: Recovery of chlorpyrifos from N-broth and soil slurry
Sr.
No.
Chlorpyrifos in N-broth Chlorpyrifos in Soil slurry 
Amount 
added
(mg/L) 
Amount 
recovered 
(mg/L) 
%
Recovery
Amount 
added
(mg/L) 
Amount 
recovered 
(mg/L) 
%
Recovery
1 10 6.30 63.00 10 4.82 48.20
2 15 10.07 67.13 15 8.28 55.20
3 20 16.66 83.30 20 12.31 61.55
4 25 21.06 84.24 25 16.01 64.04
5 30 27.50 91.66 30 21.25 70.83
% Average Recovery 77.86 --- --- 59.96
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Figure 5.20: TLC plate showing spots of endosulfan at six different 
concentrations, viz. 2, 4, 8, 12, 16 and 20 mg/L (Spot 1 to 6) 
Figure 5.21: TLC plate showing spots of endosulfan at six different 
concentrations, viz. 5, 10, 15, 20, 25 and 30 mg/L (Spot 1 to 6) 
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Figure 5.22: TLC plate showing spots of chlorpyrifos at six different 
concentrations, viz. 2, 4, 8, 12, 16 and 20 mg/L (Spot 1 to 6) 
Figure 5.23: TLC plate showing spots of chlorpyrifos at six different 
concentrations, viz. 5, 10, 15, 20, 25 and 30 mg/L (Spot 1 to 6) 

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5.14 ENDOSULFAN BIOREMEDIATION BY BACTERIAL  
         MONO- CULTURES 
The endosulfan (ES) degrading capability of selected four bacterial 
monocultures, viz. RCE-2, GCE-4, GCE-5 and JCE-4, was investigated separately in 
terms of treatment duration and culture volume. The endosulfan bioremediation 
capability of all these bacterial isolates was studied using N-broth as well as soil 
slurry media. For the determination of bioremediation capability of bacterial isolates 
in terms of treatment duration, the experimental system involved 10 mL of active 
culture of respective bacterial isolates per 100 mL of N-broth or soil slurry containing 
20 mg/L of endosulfan. The experimental system was incubated at room temperature 
for 5, 10, 15 and 30 days respectively. For determining the bioremediation capability 
of bacterial mono-cultures in terms of culture volume, the experimental system 
involved 20 mg/L of endosulfan in 10, 15, 20 and 25 mL of respective bacterial 
culture per 100 mL of N-broth or soil slurry, and incubated at room temperature for 
10 days. In both the cases, 10 mL broth was taken out in the sterile tube after 
respective days of incubation, and used for the estimation of endosulfan concentration 
using D-TLC and/or GC-MS.
The N-broth having 10 mL of active culture per 100 mL of medium 
supplemented with 20 mg/L of ES and incubated at RT, the degradation of ES was 
found to be 12.4, 27.5, 56.8 and 64.8% after incubation period of 5, 10, 15 and 30 
days, respectively, by the isolate RCE-2. The degradation was 14.3, 23.7, 52.8 and 
58.4%, respectively, by isolate GCE-4. In case of isolate GCE-5, the degradation was 
16.4, 27.6, 61.6 and 67% respectively. It was 17.4, 36.5, 65 and 71% respectively in 
case of isolate JCE-4. The details are as given in Table 5.36 and Figure 5.24.
The soil slurry having 10 mL of active culture per 100 mL of medium 
supplemented with 20 mg/L of ES and incubated at RT, the degradation of ES was 
found to be 11.6, 25, 52 and 58.7% after incubation period of 5, 10, 15 and 30 days, 
respectively, by the isolate RCE-2. The degradation was 13, 21.5, 48.6 and 53%, 
respectively, by isolate GCE-4. In case of isolate GCE-5, the degradation was 15, 25, 
56.7 and 60.9%, respectively. It was 16, 33, 60 and 64.6% respectively in case of 
isolate JCE-4. The details are as given in Table 5.36 and Figure 5.25.
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 The N-broth containing 20 mg/L of endosulfan and separately inoculated with 
10, 15, 20 and 25mL of respective bacterial culture per 100mL of medium, incubated 
under room temperature for 10 days, then the degradation of endosulfan was found to 
be 22.4, 37.5, 66.8 and 74.7%, respectively, by the isolate RCE-2. The degradation 
was 24.3, 33.7, 62.8 and 68.4%, respectively, by isolate GCE-4. In case of isolate 
GCE-5, the degradation was 26.4, 37.6, 71.6 and 77%, respectively. It was 27.3, 46.5, 
75 and 80%, respectively, in case of isolate JCE-4. The details are as represented in 
Table 5.37 and Figure 5.26.
The soil slurry containing 20mg/L of endosulfan and separately inoculated 
with 10, 15, 20 and 25mL of respective bacterial culture per 100mL of medium, 
incubated under room temperature for 10 days, then the degradation of endosulfan 
was found to be 21.4, 35, 62.3 and 68.7%, respectively, by the isolate RCE-2. The 
degradation was 23, 31.5, 58.6 and 63%, respectively, by isolate GCE-4. In case of 
isolate GCE-5, the degradation was 25, 35, 66.7 and 70.8%, respectively. It was 26, 
43, 70 and 74.6%, respectively, in case of isolate JCE-4. The details are as given in 
Table 5.37 and Figure 5.27.
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Figure 5.24: ES degradation by bacterial isolates in NB in response to treatment duration 

Figure 5.25: ES degradation by bacterial isolates in SS in response to treatment duration
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Figure 5.26: ES degradation by bacterial isolates in N-broth in response to culture volume 
Figure 5.27: ES degradation by bacterial isolates in soil slurry in response to culture volume 
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5.15 ENDOSULFAN BIOREMEIDIATION BY BACTERIAL  
         MIXED-CULTURES 
The endosulfan (ES) degrading capability of two bacterial mixed-cultures, viz. 
GCE345 and GCC134, was investigated separately in terms of treatment duration and 
culture volume, using N-broth as well as soil slurry media. The N-broth medium was 
used as a representative of laboratory condition, while soil slurry medium was used as a 
representative of field condition.  
In response to treatment duration, when the N-broth containing 20 mg/L of ES 
inoculated with 10 mL of respective bacterial mixed-cultures per 100 mL of medium and 
incubated at RT, then the degradation of ES was recorded 21.4, 34.2, 73 and 80.5% by 
culture GCE345, after incubation period of 5, 10, 15 and 30 days respectively. The ES 
degradation was 16, 24.8, 35 and 41% by culture GCC134, after incubation period of 5, 
10, 15 and 30 days respectively (Table 5.38 and Figure 5.28). When the soil slurry 
containing 20 mg/L of ES inoculated with 10 mL of respective bacterial mixed-culture 
per 100 mL of medium and incubated at RT, then the degradation of ES was found to be 
19.7, 31, 67.2 and 73% by culture GCE345, after incubation period of 5, 10, 15 and 30 
days respectively. The degradation was 14.7, 22.5, 32.4 and 37.2% by culture GCC134,
after incubation period of 5, 10, 15 and 30 days respectively. The details are represented 
in the Table 5.38 and Figure 5.29.
In response to culture volume, when N-broth containing 20 mg/L of ES was 
inoculated with 10, 15, 20 and 25 mL of respective bacterial mixed-cultures and 
incubated at RT for 10 days, then the degradation of ES was found to be 36, 44.2, 63 and 
73.5% respectively by culture GCE345 and 31.4, 34.8, 45.2 and 51% respectively by 
culture GCC134 (Table 5.39 and Figure 5.30). When soil slurry containing 20 mg/L of 
ES was inoculated with 10, 15, 20 and 25 mL of respective mixed-cultures per 100 mL of 
medium and incubated at RT for 10 days, the degradation of ES was 29.7, 41, 47.2 and 
63% respectively by culture GCE345, and 24.7, 32.5, 42.4 and 47.2% respectively by 
culture GCC134. The details are as given in the Table 5.39 and Figure 5.31.
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Figure 5.28: ES degradation by bacterial mixed cultures in N-broth in response to treatment duration 



Figure 5.29: ES degradation by bacterial mixed cultures in soil slurry in response to treatment duration
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Figure 5.30: ES degradation by bacterial mixed cultures in N-broth in response to culture volume 
Figure 5.31: ES degradation by bacterial mixed cultures in soil slurry in response to culture volume 
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5.16 CHLORPYRIFOS BIOREMEDIATION BY BACTERIAL MONO-CULTURES 
The chlorpyrifos (CP) degrading capability of selected four bacterial monocultures, viz. 
RCC-2, GCC-1, GCC-3 and JCC-2, was investigated separately in terms of treatment duration 
and culture volume. The CP bioremediation capability of all these bacterial isolates was 
studied using N-broth as well as soil slurry media. The N-broth medium was used as a 
representative of laboratory condition, while soil slurry medium was used to investigate the 
bioremediation of CP as a representative of field condition.
In response to treatment duration, when N-broth containing 20 mg/L of CP inoculated 
with 10 mL of respective bacterial culture per 100mL of medium and incubated at room 
temperature, the degradation of CP was found to be 18.3, 33.7, 44.3 and 57% by the isolate 
RCC-2, after incubation period of 5, 10, 15 and 30 days respectively. The CP degradation was 
10.5, 17.3, 29.3 and 37.6% respectively, by isolate GCC-1. In case of isolate GCC-3, the 
degradation was 11.2, 25.5, 34.4 and 42.2% respectively. The degradation of CP was 20.2, 
37.9, 52.8 and 74.6% by isolate JCC-2, after incubation period of 5, 10, 15 and 30 days 
respectively (Table 5.40 and Figure 5.32).
When soil slurry containing 20 mg/L of CP inoculated with 10 mL of respective 
bacterial culture per 100 mL of medium and incubated at room temperature, then the 
degradation of CP was found to be 16.6, 30.6, 40.4 and 51.7% by isolate RCC-2, after 
incubation period of 5, 10, 15 and 30 days respectively. The degradation was 9.6, 15.7, 26.7 
and 34.2%, respectively, by isolate GCC-1. In case of isolate GCC-3, the degradation was 
10.2, 23.2, 31.3 and 38.3%, respectively. The degradation of CP was found to be 18.3, 34.4, 48 
and 69.5% by isolate JCC-2, after incubation period of 5, 10, 15 and 30 days respectively 
(Table 5.40 and Figure 5.33).
147

In response to culture volume, when N-broth containing 20 mg/L of CP was inoculated 
with 10, 15, 20 and 25 mL of respective bacterial cultures per 100 mL of medium and 
incubated at room temperature for 10 days, then the degradation of CP was found to be 28.3, 
43.7, 54.3 and 67% respectively, by isolate RCC-2. The CP degradation was 20.5, 27.3, 39.3 
and 47.6%, respectively, by isolate GCC-1. In case of isolate GCC-3, the degradation was 
21.2, 35.5, 44.4 and 52.2% respectively. The degradation of CP was found to be 30.2, 47.9, 
62.8 and 74.6%, with a culture volume of 10, 15, 20 and 25 mL per 100 mL of medium 
respectively, after 10 days (Table 5.41 and Figure 5.34).
When soil slurry containing 20 mg/L of CP was inoculated with 10, 15, 20 and 25 mL 
of respective bacterial culture per 100 mL of medium and incubated at room temperature for 
10 days, then the degradation of CP was found to be 26.6, 40.6, 50.4 and 61.7% respectively, 
by isolate RCC-2. The degradation was 19.6, 25.7, 36.7 and 44.2% respectively, by isolate 
GCC-1. In case of isolate GCC-3, the degradation was 20.2, 33.2, 41.3 and 48.3% 
respectively. The degradation of CP was found to be 28.3, 44.4, 58 and 69.5% by the isolate 
JCC-2, with a culture volume of 10, 15, 20 and 25mL respectively, after incubation period of 
10 days (Table 5.41 and Figure 5.35).
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Figure 5.32: CP degradation by bacterial isolates in N-broth in response to treatment duration 


Figure 5.33: CP degradation by bacterial isolates in soil slurry in response to treatment duration 
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Figure 5.34: CP degradation by bacterial isolates in N-broth in response to culture volume 
Figure 5.35: CP degradation by bacterial isolates in soil slurry in response to culture volume 
152
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5.17 CHLORPYRIFOS BIOREMEDIATION BY BACTERIAL MIXED-CULTURES 
The chlorpyrifos (CP) degrading capability of two bacterial mixed-cultures, viz. 
GCE345 and GCC134, was investigated separately in terms of treatment duration and culture 
volume, using N-broth as well as soil slurry media. The N-broth medium was used as a 
representative of laboratory condition, while soil slurry medium was used to investigate the 
bioremediation of CP as a representative of field condition.  
In response to treatment duration, when N-broth containing 20 mg/L of CP was 
inoculated with 10 mL of respective bacterial culture per 100 mL of medium and incubated at 
room temperature, then the degradation of CP was found to be 21.8, 32.7, 37 and 46.8% by 
culture GCE345, after the incubation period of 5, 10, 15 and 30 days respectively. The 
degradation was 23.8, 39.4, 63.8 and 84%, by culture GCC134, after the incubation period of 
5, 10, 15 and 30 days respectively (Table 5.42 and Figure 5.36). When soil slurry containing 
20 mg/L of CP inoculated with 10 mL of respective bacterial culture per 100 mL of medium 
and incubated at room temperature, then the degradation of CP was found to be 17.8, 26, 33.6 
and 53.4% by culture GCE345, after the incubation period of 5, 10, 15 and 30 days 
respectively. The degradation was 19, 36.7, 59.9 and 78.2% by culture GCC134, after 
incubation period of 5, 10, 15 and 30 days respectively (Table 5.42 and Figure 5.37).
In response to culture volume, when N-broth containing 20 mg/L of CP was inoculated 
with 10, 15, 20 and 25 mL of respective bacterial mixed-culture per 100 mL of medium and 
incubated at room temperature for 10 days, then the degradation of CP was found to be 32.8, 
37.7, 43 and 46.7% respectively, by culture GCE345. The degradation of CP was found to be 
39.8, 49.4, 62.8 and 65.2% by culture GCC134, with a culture volume of 10, 15, 20 and 25 mL 
respectively (Table 5.43 and Figure 5.38). When soil slurry containing 20 mg/L of CP was 
inoculated with 10, 15, 20 and 25 mL of respective bacterial mixed-culture per 100 mL of 
medium and incubated at room temperature for 10 days, then the degradation of CP was found 
to be 26.8, 32, 38.6 and 41.4% respectively, by culture GCE345. The degradation of CP was 
found to be 37, 43.7, 59.9 and 61.3% by culture GCC134, with a culture volume of 10, 15, 20 
and 25 mL respectively (Table 5.43 and Figure 5.39).
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Figure 5.36: CP degradation by bacterial mixed cultures in N-broth in response to treatment duration 

Figure 5.37: CP degradation by bacterial mixed cultures in soil slurry in response to treatment duration 
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Figure 5.38: CP degradation by bacterial mixed cultures in NB in response to culture volume 
Figure 5.39: CP degradation by bacterial mixed cultures in SS in response to culture volume 
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5.18 GC-MS ANALYSIS OF ENDOSULFAN DEGRADATION 
The GC-MS analysis of soil slurry samples containing endosulfan and treated 
separately with bacterial mono-culture and mixed-culture for 10 days showed the presence of 
endosulfan at R.T. of 11.325 minutes. The comparison with standard library of Wiley Registry 
of Mass Spectral Data version-7 confirmed the matching of mass/charge ratio v/s relative 
intensity at R.T. 11.325 for both the samples to standard spectra of endosulfan. The details are 
as represented in the Figures 5.40 to 5.43.
The numbers of spectral peaks were found to be conspicuously higher in case of 
sample treated with bacterial mixed-culture compare to that of sample treated with bacterial 
mono-culture. The GC-MS results showed that the number of metabolic intermediates formed 
during the degradation of endosulfan by bacterial mixed-culture were relatively more in 
number than by bacterial mono-culture. The details of the spectral peaks are as represented in 
the Figures 5.40 and 5.42.
The mass spectra of endosulfan containing samples treated with bacterial mono- and 
mixed-culture showed no any known toxic intermediates. The results suggested that the 
bacterial isolates were not forming any toxic intermediates during the degradation of 
endosulfan and thus could be utilized for the bioremediation process of endosulfan 
contaminated soil. 
158


Figure 5.40: Total Ion Chromatogram (TIC) for ES containing soil slurry sample treated with 
bacterial mono-culture (JCE-4) for a period of 10 days. 



Figure 5.41: Mass spectrum for ES in test sample treated with bacterial mono-culture (JCE-4) 
and standard sample from Wiley Registry of Mass Spectral Data version-7 
159



Figure 5.42: Total Ion Chromatogram (TIC) for ES containing soil slurry sample treated with 
bacterial mixed-culture (GCE345) for a period of 10 days. 


Figure 5.43: Mass spectrum of ES in test sample treated with bacterial mixed-culture  
(GCE345) and standard sample from Wiley Registry of Mass Spectral Data version-7 
160

5.19 GC-MS ANALYSIS OF CHLORPYRIFOS DEGRADATION 
In case of soil slurry containing chlorpyrifos and treated separately with bacterial 
mono- and mixed-culture for 10 days, the GC-MS analysis showed the presence of 
chlorpyrifos at R.T. of 9.558 minutes. The comparison with standard library of NIST-07 mass 
spectral database confirmed the matching of mass/charge ratio v/s relative intensity at R.T. 
9.558 for both the samples to standard spectra of chlorpyrifos. The mass spectra obtained in 
our case showed that the chlorpyrifos was degraded to some small metabolites which could not 
be identified using the available library database. The presence of chlorpyrifos was observed at 
R.T. 9.558 minutes but no any intermediate was identified till R.T. 22 minutes. This indicated 
that chlorpyrifos is probably completely metabolized by our isolates into smaller 
intermediates. The details are as represented in the Figures 5.44 to 5.47.
Notwithstanding the mass spectra of chlorpyrifos containing samples treated separately 
with bacterial mono- and mixed-culture provided no identifiable intermediates, the reason to 
this could be the complete degradation of the chlorpyrifos. The complete degradation of 
chlorpyrifos by bacterial isolates could be attributed to the formation of no any know toxic 
intermediates. 
The numbers of spectral peaks were found to be relatively higher in case of sample 
treated with bacterial mixed-culture compare to that of sample treated with bacterial mono-
culture. The GC-MS results indicated that the number of metabolic intermediates formed 
during the degradation of chlorpyrifos by bacterial mixed-culture were relatively more in 
number than by bacterial mono-culture. The details of the spectral peaks of chlorpyrifos 
degradation are as represented in the Figure 5.44 and 5.46.
161

Figure 5.44: Total Ion Chromatogram (TIC) for CP containing soil slurry sample treated with 
bacterial mono-culture (GCC-3) for a period of 10 days. 
Figure 5.45: Mass spectrum of CP in test sample treated with bacterial mono-culture (GCC-3)       
and standard sample from NIST 07 mass spectral database. 
162

Figure 5.46: Total Ion Chromatogram (TIC) for CP containing soil slurry sample treated with 
bacterial mixed-culture (GCC134) for a period of 10 days. 
Figure 5.47: Mass spectrum for CP in test sample treated with bacterial mixed-culture 
(GCC134) and standard sample from NIST 07 mass spectral database. 
163
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5.20 EFFECT OF TEMPERATURE ON BIOREMEDIATION OF ES AND CP 
The effect of temperature on pesticide bioremediation depends on the molecular 
structure of the pesticide. It is expected that the solubility of pesticide increases with the rise in 
temperature. It is also expected that the rise in temperature results in the stimulation of 
microbial activities. It is also found that the maximum growth and activity of microorganisms 
in soils occur between 25 to 35oC of temperature. In the present study, the effect of 
temperature on bioremediation capability of four selected bacterial isolates and two different 
mixed bacterial cultures have been investigated separately using soil slurry media.  
In the present study, in case of bioremediation using bacterial monocultures, the soil 
slurry containing 20 mg/L each of ES and CP, separately inoculated with 10 mL of respective 
bacterial culture per 100 mL of medium and incubated at four different temperatures, viz. 25, 
30, 37 and 45oC, respectively for 10 days. After the incubation period of 10 days, the per cent 
degradation of ES and CP was determined. The maximum degradation of ES was found to be 
23.7% at 37oC and that of CP was 25.9% at 45oC, by the isolate RCE-2. With isolate GCE-4,
the maximum degradation of ES was 44% and that of CP was 25.2% at 37oC incubation 
temperature. In case of isolate RCC-2, the maximum degradation of ES was 32% and that of 
CP was 40% at 37oC. By using isolate GCC-3, the maximum degradation of ES was 27% at 
45oC and that of CP was 41.2% at 37oC incubation temperature. The details are as given in 
Table 5.44, Figures 5.48 and 5.49.
In case of bioremediation using bacterial mixed-cultures in soil slurry medium, with 
culture GCE345, the maximum degradation of ES was 45.8% and CP was 31% at incubation 
temperature of 37oC. By using culture GCC134, the maximum degradation of ES was 36% 
and CP was 44.6% at incubation temperature of 37oC. The details are as represented in the 
Table 5.45, Figures 5.50 and 5.51.
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Figure 5.48: Effect of temperature on ES degradation by bacterial isolates in soil slurry 
Figure 5.49: Effect of temperature on CP degradation by bacterial isolates in soil slurry 
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Figure 5.50: Effect of temperature on ES degradation by bacterial mixed cultures in soil slurry 
Figure 5.51: Effect of temperature on CP degradation by bacterial mixed cultures in soil slurry 
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5.21 EFFECT OF pH ON BIOREMEDIATION OF ES AND CP 
 
The pH of soil may affect pesticide degradation by altering the pesticide 
adsorption and also by influencing the microbial activity in the soil. Soil pH may also 
affect the mobility and bioavailability of pesticides. The effect of soil pH on 
degradation of a given pesticide depends greatly on whether the pesticide is 
susceptible to alkaline or acid catalyzed hydrolysis. In the present study, the effect of 
pH on bioremediation capability of four selected bacterial isolates and two different 
mixed bacterial cultures have been investigated separately using soil slurry medium.  
 
In case of bioremediation using bacterial monocultures, the soil slurry adjusted 
at pH 6.0, 7.0, 7.5 and 8.0, containing 20 mg/L each of ES and CP separately 
inoculated with 10 mL of respective bacterial culture per 100 mL of medium and 
incubated at RT for 10 days. After the incubation period, the per cent degradation of 
ES and CP was determined. The degradation of ES (26.6%) and CP (20.4%) was 
found to be highest at pH 8.0 and pH 7.5 respectively, by the isolate RCE-2. In case of 
isolate GCE-4, at pH 8.0 the degradation of ES (23.8%) was highest and the 
degradation of CP (20%) was maximum at pH 7.5. The degradation of ES (21.3%) 
was maximum at pH 8.0 and that of CP (29.4%) was highest at pH 7.0 by isolate 
RCC-2. In case of isolate GCC-3, the degradation of ES (24%) was highest at pH 8.0 
and that of CP (39.2%) at pH 7.5. The details are as given in Table 5.46 and Figures 
5.52 and 5.53. 
 
In case of bioremediation using bacterial mixed cultures, the soil slurry 
adjusted at pH 6.0, 7.0, 7.5 and 8.0, containing 20 mg/L each of ES and CP, 
separately inoculated with 10 mL of respective bacterial culture per 100 mL of 
medium and incubated at RT for 10 days. In case of mixed-culture GCE345, the 
degradation of ES (36.9%) and CP (23.6%) was highest at pH 8.0 and pH 7.5 
respectively. The degradation of ES (30%) was highest at pH 8.0 and that of CP 
(33.7%) was maximum at pH 7.5 by mixed-culture GCC134. The details are as given 
in the Table 5.47 and Figures 5.54 and 5.55.
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Figure 5.52: Effect of pH on ES degradation by bacterial isolates in soil slurry 
 
 
 
Figure 5.53: Effect of pH on CP degradation by bacterial isolates in soil slurry 
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Figure 5.54: Effect of pH on ES degradation by bacterial mixed cultures in soil slurry 
 
 
 
 
Figure 5.55: Effect of pH on CP degradation by bacterial mixed cultures in soil slurry 
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5.22 EFFECT OF AERATION ON BIOREMEDIATION OF ES AND CP 
 
In case of bioremediation using bacterial mono-cultures, soil slurry containing 20 
mg/L each of ES and CP separately inoculated with 10 mL of respective bacterial culture 
per 100 mL of medium and incubated under static and shaking conditions, at room 
temperature for 10 days. After the incubation period of 10 days, the per cent degradation of 
ES and CP was determined. The degradation of ES was found to be 21.8% and 27.5%, and 
that of CP was 12.8% and 16.6% under static and shaking conditions, respectively, by the 
isolate RCE-2. The degradation of ES was 23.5% and 35.6%, and that of CP was 9.9% and 
14.3% under static and shaking conditions, respectively, by isolate GCE-4. The 
degradation of ES was found to be 11% and 19.8%, and that of CP was 17% and 31.5% 
under static and shaking conditions, respectively, by isolate RCC-2. In case of isolate 
GCC-3, the degradation of ES was 13.7% and 20.7%, and that of CP was 18.9% and 34.6% 
under static and shaking conditions, respectively. The details are as given in Table 5.48 
and Figure 5.56. 
 
In case of bioremediation using bacterial mixed-cultures, the soil slurry containing     
20 mg/L each of ES and CP separately inoculated with 10 mL of respective bacterial 
culture per 100 mL of medium and incubated under static and shaking conditions, at room 
temperature for 10 days. In case of mixed-culture GCE345, the degradation of ES was 
33.3% and 42.6%, and that of CP was 22% and 29.6% under static and shaking conditions, 
respectively. The degradation of ES was 21.3% and 29.5%, and that of CP was 30% and 
42.9% under static and shaking conditions, respectively, by mixed-culture GCC134. The 
details are as given in Table 5.49 and Figure 5.57.  
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  Table 5.48: Effect of aeration on bioremediation of ES and CP by bacterial isolates  
                                   
Bacterial 
Isolates
90 mL SS + 10 mL active culture + 20 mg each of ES &  CP, 
incubated at RT for 10 days 
% Degradation under 
static condition 
% Degradation under 
shaking condition (130 rpm) 
Endosulfan Chlorpyrifos Endosulfan Chlorpyrifos
Control 3.29 4.12 4.52 5.28 
RCE-2 21.78 12.77 27.55 16.58 
GCE-4 23.55 9.88 35.58 14.26 
RCC-2 11.14 17.10 19.85 31.49 
GCC-3 13.75 18.87 20.75 34.56 
 
 
 
 
  Table 5.49: Effect of aeration on bioremediation of ES & CP by mixed-bacterial cultures  
 
Mixed
bacterial 
cultures 
90 mL SS + 10 mL active culture + 20 mg each of ES & CP, 
incubated at RT for 10 days 
% Degradation under 
static condition 
% Degradation under 
shaking condition (130 rpm) 
Endosulfan Chlorpyrifos Endosulfan Chlorpyrifos
Control 3.29 4.12 4.52 5.28 
GCE345 33.35 21.98 42.58 29.57 
GCC134 21.26 29.97 29.48 42.88 
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Figure 5.56: Effect of aeration on ES and CP degradation by bacterial isolates 
 
 
Figure 5.57: Effect of aeration on ES & CP degradation by bacterial mixed cultures 
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5.23 EFFECT OF AMENDMENTS ON BIOREMEDIATION OF ES AND CP 
 
A soil amendment is any material added to a soil to improve its physical properties, 
such as water retention, permeability, water infiltration, drainage, aeration and structure. 
Organic matter also is an important energy source for bacteria, fungi and earthworms that 
live in the soil. Microbial activity is often stimulated by the addition of organic material to 
soil. In the present study, the effect of organic amendments viz. compost, cow dung, leaf 
litter and crop residues, on bioremediation capability of four selected bacterial mono-
cultures and two different mixed bacterial cultures was studied separately. For this study, 
soil slurry containing 20 mg/L each of ES and CP was separately amended with 10 g each 
of compost, cow dung, leaf-litter or crop residues, inoculated with 10 mL of respective 
bacterial culture per 100 mL of medium and incubated at room temperature for 10 days. 
In case of bacterial mono-cultures, the degradation of ES was found to be 26.6, 
22.5, 19.4 and 13.6%, and that of CP was 20.5, 18.7, 16.3 and 9.2% when amended with 
compost, cow dung, leaf litter and crop residues, respectively, by the isolate RCE-2. In case 
of isolate GCE-4, the degradation of ES was 29.6, 26.8, 19.6 and 11.8%, and that of CP 
was 21.2, 20, 14.4 and 12.3% when amended with compost, cow dung, leaf litter and crop 
residues, respectively. The degradation of ES was found to be 23.3, 22.5, 19.7 and 14.3%, 
and that of CP was 32.4, 28, 19.3 and 15% when amended with compost, cow dung, leaf 
litter and crop residues, respectively, by isolate RCC-2. In case of isolate GCC-3, the 
degradation of ES was 24.3, 23.3, 19.8 and 14.3%, and that of CP was 41.5, 34.9, 24 and 
16.2% when amended with compost, cow dung, leaf litter and crop residues, respectively. 
The details are as given in Table 5.50 and Figures 5.58 and 5.59. 
 
In case bacterial mixed-cultures, the degradation of ES was 31.2, 27.2, 25.4 and 
14%, and that of CP was 24.2, 22, 19.9 and 14.8% when amended with compost, cow 
dung, leaf litter and crop residues, respectively, by culture GCE345. The degradation of ES 
was 27.7, 24.4, 21 and 12.9%, and that of CP was 41, 38.8, 35.9 and 32% when amended 
with compost, cow dung, leaf litter and crop residues, respectively, by culture GCC134. 
The details are as given in Table 5.51 and Figures 5.60 and 5.61. 
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Figure 5.58: Effect of organic amendments on ES degradation by bacterial monocultures 
 
 
 
 
Figure 5.59: Effect of organic amendments on CP degradation by bacterial monocultures 
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Figure 5.60: Effect of organic amendments on ES degradation by bacterial mixed cultures  
 
 
 
 
Figure 5.61: Effect of organic amendments on CP degradation by bacterial mixed cultures 
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5.24 EFFECT OF MOISTURE ON BIOREMEDIATION OF ES AND CP 
 
The bioremediation of ES and CP using 10 mL of respective bacterial culture 
per 100 g of oven dried soil, with and without sprinkling of sterile distilled water 
(SDW) everyday, during the incubation period of 10 days at room temperature, was 
determined in terms of per cent degradation of ES and CP at the end of incubation 
period.  
 
In case of bacterial mono-cultures, the degradation of ES was found to be 
27.8% and 14.6%, and that of CP was 13.9% and 8.9%, with and without sprinkling 
of SDW during incubation period, respectively, by the isolate RCE-2. The degradation 
of ES was 19.7% and 13.2%, and that of CP was 15% and 10.2%, with and without 
sprinkling of SDW during incubation period, respectively, by isolate GCE-4. The 
degradation of ES was found to be 18.5% and 13.5%, and that of CP was 35.2 and 
20.5%, with and without sprinkling of SDW during incubation period, respectively, 
by isolate RCC-2. In case of isolate GCC-3, the degradation of ES was 21.4% and 
12.7%, and that of CP was 36.5% and 23%, with and without sprinkling of SDW 
during incubation period, respectively. The details are as given in Table 5.52 and 
Figure 5.62. 
 
In case of bacterial mixed-cultures, the degradation of ES was found to be 
37.5% and 22.5%, and that of CP was 18.6% and 13%, with and without sprinkling of 
SDW during incubation period, respectively, by the culture GCE345. The degradation 
of ES was 20.5% and 16.8%, and that of CP was 38.8% and 19.4%, with and without 
sprinkling of SDW during incubation period, respectively, by culture GCC134. The 
details are as represented in Table 5.53 and Figure 5.63. 
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Table 5.52: Effect of moisture on bioremediation of ES & CP by bacterial isolates 
                  
Bacterial 
Isolates
100g oven dried soil + 10 mL of active culture + 20 mg each of ES & CP, 
incubated at RT for 10 days 
% Degradation without 
sprinkling of DW 
% Degradation with sprinkling of 10 
mL sterile DW everyday 
Endosulfan Chlorpyrifos Endosulfan Chlorpyrifos 
Control 3.96 4.94 5.18 6.32 
RCE-2 14.57 8.89 27.78 13.93 
GCE-4 13.16 10.21 19.73 14.99 
RCC-2 13.51 20.49 18.51 35.16 
GCC-3 12.68 22.97 21.37 36.49 
  Table 5.53: Effect of moisture on bioremediation of ES & CP by mixed  
                       bacterial cultures  
               
Bacterial 
mixed-
cultures 
 
100g oven dried soil + 10 mL of active culture + 20 mg each of 
ES & CP, incubated at RT for 10 days 
% Degradation without 
sprinkling of DW 
% Degradation with sprinkling of 
10 mL sterile DW everyday 
Endosulfan Chlorpyrifos Endosulfan Chlorpyrifos 
Control 3.96 4.94 5.18 6.32 
GCE345 22.55 13.12 37.54 18.65 
GCC134 16.83 19.38 20.54 38.79 
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Figure 5.62: Effect of moisture on degradation of ES & CP by bacterial monocultures


Figure 5.63: Effect of moisture on degradation of ES & CP by bacterial mixed-cultures
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5.25 ENZYMATIC CHANGES DURING BIOREMEDIATION OF ES AND CP 

The enzymatic changes triggered during bioremediation of ES and CP was 
investigated by measuring the activity of three enzymes, viz. cellulase, dehydrogenase 
and protease. Cellulase activity was measured using carboxymethyl cellulose powder 
as a substrate and its activity was expressed as μg glucose formed/g dry weight of 
soil. The activity of dehydrogenase was measured using 3% solution of 2,3,5-
triphenyltetrazolium chloride (TTC) as a substrate and its activity was expressed as 
μg formazan formed/g dry weight of soil. The protease activity was measured using 
2% Na-caseinate solution as a substrate and its activity was expressed as μg tyrosine 
formed/g dry weight of soil. 
5.25.1 Cellulase activity in presence of ES and CP 
The activity of cellulase in soil inoculated with bacterial mixed culture 
GCE345 was found to be around 19 μg glucose/g soil dry weight, in the absence of 
ES, for the incubation period of 3 weeks. The cellulase activity was found to be 
highest, i.e. 23.2μg glucose/g soil dry weight in presence of ES (5mg/10g), for the 
incubation period of 14 days. In presence of ES (10mg/10g soil), the cellulase activity 
was found to be highest, i.e. 26.6μg glucose/g soil dry weight, for the incubation 
period of 14 days. The cellulase activity was reported maximum, i.e. 30.8μg glucose/g 
soil dry weight in presence of 20mg of ES per 10g of soil, for the incubation period of 
14 days. Therefore, it is clear that the activity of cellulase was found to be increasing 
with the increasing concentration of ES for the incubation period of three weeks. The 
details are as given in Table 5.54 and Figure 5.64. 
 
The activity of cellulase in soil inoculated with bacterial mixed culture 
GCC134 was found to be more or less constant, i.e. around 19 μg glucose/g soil dry 
weight in the absence of CP, for the incubation period of 3 weeks. The cellulase 
activity was found to be maximum, i.e. 18.5μg glucose/g soil dry weight in presence 
of 5mg of CP per 10g of soil, for the incubation period of one week. The cellulase 
activity was reported highest, i.e. 17.2μg glucose/g soil dry weight in presence of 
10mg of CP per 10g of soil, for the incubation period of one day, followed by a 
declining trend in the activity. In presence of CP (20mg/10g soil), the cellulase 
activity was found to be highest, i.e. 15.2μg glucose/g soil dry weight, for the 
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incubation period of one day, followed by a declining trend in the activity. Therefore, 
it is clear that the activity of cellulase followed an irregular pattern with the increasing 
concentration of CP for the incubation period of three weeks. The details are as given 
in Table 5.55 and Figure 5.65. 
 
The activity of cellulase in soil inoculated with bacterial mixed cultures 
GCE345 and GCC134 was found to be highest, i.e. 20.2μg glucose/g soil dry weight, 
in absence of both ES and CP, for the incubation period of 14 days. The cellulase 
activity was found to be highest, i.e. 24.4 μg glucose/g soil dry weight in presence of 
5mg each of ES and CP per 10g of soil, at the incubation period of 14 days. In 
presence of 10mg each of ES and CP per 10g of soil, the cellulase activity was found 
to be highest, i.e. 28 μg glucose/g soil dry weight, for the incubation period of 14 
days. The cellulase activity was reported maximum, i.e. 22.8 μg glucose/g soil dry 
weight, in presence of 20mg each of ES and CP per 10g of soil, for the incubation 
period of 14 days. Therefore, it is clear that the activity of cellulase was highest for 
10mg each of ES and CP per 10g of soil, and the cellulase activity get reduced below 
and above this concentration of pesticides. The details are as given in Table 5.56 and
Figure 5.66. 
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        Table 5.54: Changes in cellulase activity in soil inoculated with GCE345 in   
                             presence of ES (values are Mean of three repeats) 
 
Endosulfan
(mg/10g soil) 
Cellulase activity (μg glucose/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 19.17 19.22 19.23 19.19 
5 19.76 20.87 23.19 22.17 
10 19.87 22.94 26.65 25.11 
20 20.13 23.28 30.86 28.14 
 
 
 
 
 
Figure 5.64: Cellulase activity in soil inoculated with GCE345 in presence of ES 
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     Table 5.55: Changes in cellulase activity in soil inoculated with GCC134 in  
                          presence of CP (values are Mean of three repeats) 
 
Chlorpyrifos 
(mg/10g soil) 
Cellulase activity (μg glucose/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 19.12 19.24 19.18 19.16 
5 18.13 18.49 17.42 16.53 
10 17.17 16.21 15.24 13.64 
20 15.18 14.62 13.11 11.73 
 
 
 
Figure 5.65: Cellulase activity in soil inoculated with GCC134 in presence of CP
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 Table 5.56: Changes in cellulase activity in soil inoculated with GCE345 and  
                     GCC134 in presence of ES and CP (values are Mean of three repeats) 
ES + CP 
(mg/10g soil) 
Cellulase activity (μg glucose/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 + 0 16.12 18.29 20.16 18.22 
5 + 5 19.68 21.12 24.40 22.10 
10 + 10 19.97 22.74 28.13 23.30 
20 + 20 19.93 21.30 22.78 22.31 
 
 
 
 
 
Figure 5.66: Cellulase activity in soil inoculated with GCE345 and GCC134  
in presence of both ES and CP 
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5.25.2 Dehydrogenase activity in presence of ES and CP 
The activity of dehydrogenase enzyme in the soil inoculated with bacterial 
mixed culture GCE345 was found to be around 39 μg formazan/g soil dry weight, in 
absence of ES, for the incubation period of 7 and 14 days. The dehydrogenase activity 
was found to be highest, i.e. 39.7 μg fomazan/g soil dry weight in presence of 5mg of 
ES per 10g of soil, for the incubation period of one day, after that followed a 
declining trend in the activity of dehydrogenase. In presence of 10mg of ES per 10g 
of soil, the dehydrogenase activity was reported maximum, i.e. 39.2 μg formazan/g 
soil dry weight, for the incubation period of one day, after that followed a declining 
trend in the activity of dehydrogenase. The dehydrogenase activity was found to be 
highest, i.e. 37.7μg formazan/g soil dry weight in presence of 20mg of ES per 10g of 
soil, for the incubation period of one day, after that followed a declining trend in the 
activity of dehydrogenase. Therefore, it is clear that the activity of dehydrogenase was 
higher after one day of incubation followed by reduction in the activity and also the 
activity was reported higher for ES concentration of 5 to 10 mg/10g of soil. The 
details are as represented in the Table 5.57 and Figure 5.67. 
 
The activity of dehydrogenase enzyme in the soil inoculated with bacterial 
mixed culture GCC134 was found to be maximum, i.e. 39.2 μg formazan/g soil dry 
weight in absence of CP, for the incubation period of 7 days. The dehydrogenase 
activity was found to be highest 32.8 μg formazan/g soil dry weight in presence of 
5mg of CP per 10g of soil, for the incubation period of 7 days. In presence of 10mg of 
CP per 10g soil, the dehydrogenase activity was reported highest, i.e. 31 μg 
formazan/g soil dry weight, for the incubation period of one day. The dehydrogenase 
activity was found to be highest 35.2 μg formazan/g soil dry weight in presence of 
20mg of CP per 10g soil, for the incubation period of one day. Therefore, it is clear 
that the activity of dehydrogenase was highest in the absence of CP after 7 days of 
incubation, however the enzyme activity was found to be more after one day of 
incubation in case of increasing concentration of CP. The details are as represented in 
the Table 5.58 and Figure 5.68. 
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The activity of dehydrogenase in soil inoculated with bacterial mixed cultures 
GCE345 and GCC134 was found to be maximum, i.e. 42.2 μg formazan/g soil dry 
weight in absence of both ES and CP, for the incubation period of 7 days. The 
dehydrogenase activity was found to highest, i.e. 40.8 μg formazan/g soil dry weight 
in presence of 5mg each of ES and CP per 10g soil, for the incubation period of 7 
days. In presence of 10mg each of ES and CP per 10g of soil, the dehydrogenase 
activity was reported maximum, i.e. 39.2 μg formazan/g soil dry weight, for the 
incubation period of 7 days. The dehydrogenase activity was found to be highest, i.e. 
38.2 μg formazan/g soil dry weight in presence of 20mg each of ES and CP per 10g 
soil, for the incubation period of 7 days. Therefore, it is clear that the activity of 
dehydrogenase enzyme decreases with the increasing concentration of both ES and 
CP, and also the activity was maximum after 7 days of incubation period. The details 
are as represented in Table 5.59 and Figure 5.69. 
 
191

    Table 5.57: Dehydrogenase activity in soil inoculated with GCE345 in presence  
                        of ES (values are Mean  of three repeats) 
 
Endosulfan
(mg/10g soil) 
Dehydrogenase activity (μg formazan/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 37.18 39.12 39.33 34.09 
5 39.72 36.30 32.33 30.96 
10 39.21 38.31 37.19 29.98 
20 37.67 33.03 31.69 28.15 
 
Figure 5.67: Dehydrogenase activity in soil inoculated with GCE345 in  
presence of ES 
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Table 5.58: Dehydrogenase activity in soil inoculated with GCC134 in presence  
                     of CP (values are Mean  of three repeats) 
 
Chlorpyrifos 
(mg/10g soil) 
Dehydrogenase activity (μg formazan/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 31.16 39.22 36.03 32.13 
5 29.12 32.80 31.81 26.66 
10 31.13 29.94 28.73 24.77 
20 35.20 27.68 26.01 23.79 
Figure 5.68: Dehydrogenase activity in soil inoculated with GCC134  
in presence of CP 
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   Table 5.59: Changes in dehydrogenase activity in soil inoculated with GCE345 and    
                       GCC134 in presence of both ES and CP (values are Mean of 3 repeats)
 
ES + CP 
(mg/10g soil) 
Dehydrogenase activity (μg formazan/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 + 0 34.18 42.21 41.62 38.23 
5 + 5 36.72 40.8 39.91 33.81 
10 + 10 32.03 39.25 38.63 30.79 
20 + 20 30.12 38.18 35.04 26.61 
 
 
 
Figure 5.69: Dehydrogenase activity in soil inoculated with GCE345 and GCC134  
in presence of both ES and CP
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5.25.3 Protease activity in presence of ES and CP 
The activity of protease in soil inoculated with bacterial mixed culture 
GCE345 was found to be highest, i.e. 46.5 μg tyrosine/g soil dry weight in absence of 
ES, for the incubation period of 7 days. The protease activity was found to be 
maximum, i.e. 50.6 μg tyrosine/g soil dry weight in presence of 5mg of ES per 10g of 
soil, for the incubation period of 21 days. In presence of 10mg of ES per 10g of soil, 
the protease activity was found to be highest, i.e. 48.9 μg tyrosine/g soil dry weight, 
for the incubation period of 21 days. The protease activity was found to be maximum, 
i.e. 46.9 μg tyrosine/g soil dry weight in presence of 20mg of ES per 10g of soil, for 
the incubation period of 21 days. It is clear that the highest activity of protease was 
reported in presence of 5mg of ES per 10g of soil, for the incubation period of 21 
days. Also, it is apparent that in presence of ES, the protease activity increases with 
incubation duration. The details are as given in Table 5.60 and Figure 5.70. 
 
The activity of protease in soil inoculated with bacterial mixed culture 
GCC134 was found to be maximum, i.e. 42.5 μg tyrosine/g soil dry weight in absence 
of CP, for the incubation period of 7 days. The protease activity was found to be 
highest, i.e. 45.5 μg tyrosine/g soil dry weight in presence of 5mg of CP per 10g of 
soil, for the incubation period of 7 days, and thereafter decline in the enzyme activity 
was observed. In presence of 10mg of CP per 10g soil, the protease activity was found 
to be highest, i.e. 43.9 μg tyrosine/g soil dry weight, for the incubation period of 7 
days. The protease activity was found to be maximum, i.e. 43.2 μg tyrosine/g soil dry 
weight in presence of 20mg of CP per 10g soil, for the incubation period of 7 days. 
Therefore, it is clear that the activity of protease was reported to be higher in presence 
of CP and also it was maximum for incubation period of 7 days. The details are as 
given in Table 5.61 and Figure 5.71. 
 
The activity of protease in soil inoculated with bacterial mixed cultures 
GCE345 and GCC134 was found to be maximum, i.e. 43.5 μg tyrosine/g soil dry 
weight in absence of both ES and CP, for the incubation period of 14 days. The 
protease activity was found to be highest, i.e. 49 μg tyrosine/g soil dry weight in 
presence of 5mg each of ES and CP per 10g of soil, for the incubation period of 21 
days.  
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In presence of 10mg each of ES and CP per 10g of soil, the protease activity 
was found to be maximum, i.e. 44.4 μg tyrosine/g soil dry weight, for the incubation 
period of one day, and thereafter it was found to be declining till the incubation period 
of 21 days. The protease activity was reported highest, i.e. 41.4 μg tyrosine/g soil dry 
weight in presence of 20mg each of ES and CP per 10g of soil, for the incubation 
period of one day, and thereafter it was found to be declining till the incubation period 
of 21 days. Therefore, it is clear that protease activity in soil is differentially affected 
by the presence of varying concentrations of ES and CP. The details are as given in   
Table 5.62 and Figure 5.72. 
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         Table 5.60: Changes in protease activity in soil inoculated with GCE345 in  
                              presence of ES (values are Mean of three repeats)
 
Endosulfan
(mg/10g soil) 
Protease activity (μg tyrosine/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 33.01 46.46 43.09 38.02 
5 34.87 44.82 48.49 50.63 
10 31.67 42.98 46.27 48.91 
20 29.96 37.18 44.21 46.93 
 
Figure 5.70: Protease activity in soil inoculated with GCE345 in presence of ES 
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       Table 5.61: Changes in protease activity in soil inoculated with GCC134 in  
                            presence of CP (values are Mean of three repeats)
 
Chlorpyrifos 
(mg/10g soil) 
Protease activity (μg tyrosine/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 36.51 42.46 36.28 34.02 
5 35.86 45.52 43.89 40.29 
10 34.76 43.87 42.63 34.36 
20 32.65 43.18 41.93 33.88 
Figure 5.71: Protease activity in soil inoculated with GCC134 in presence of CP 
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       Table 5.62: Changes in protease activity in soil inoculated with GCE345 and  
                           GCC134 in presence of ES and CP (values are Mean of 3 repeats) 
 
ES + CP 
(mg/10g soil) 
Protease activity (μg tyrosine/g soil dry weight) 
Day 1 Day 7 Day 14 Day 21 
0 + 0 36.02 41.16 43.47 36.39 
5 + 5 42.47 45.71 48.18 49.04 
10 + 10 44.39 37.17 35.28 32.71 
20 + 20 41.44 40.71 38.02 30.68 
 
 
 
 
 
Figure 5.72: Protease activity in soil inoculated with GCE345 and GCC134  
in presence of both ES and CP
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5.26 CORRELATION BETWEEN DIFFERENT PARAMETERS 
5.26.1 Correlation of pesticide degradation and treatment duration 
The Pearson correlation coefficients for the per cent degradation of ES by 
bacterial mono-culture (JCE-4) in response to treatment duration (days) in N-broth 
and soil slurry were found to be 0.87 and 0.86, respectively at p < 0.01. The scatter 
plot of per cent degradation of ES versus treatment duration in both N-broth and soil 
slurry showed a positive linear relationship (Figures 5.73 and 5.74). The higher 
values of correlation coefficient for pesticide degradation and treatment duration 
showed that the treatment duration of ES contaminated soil could significantly 
contribute towards an effective bioremediation process. However, the slightly lower 
value of correlation coefficient in case of treatment in soil slurry compared to that of 
N-broth indicated that the presence of some nutrients in the remediation medium 
might have enhanced the remediation process.  
 
The Pearson correlation coefficients for per cent degradation of CP by 
bacterial mono-culture (GCC-3) in response to treatment duration (days) in N-broth 
and soil slurry were found to be 0.97 and 0.98, respectively at p < 0.01. The scatter 
plot of per cent degradation of CP versus treatment duration in both N-broth and soil 
slurry showed a positive linear relationship (Figures 5.75 and 5.76).  The values of 
correlation coefficient are significantly higher and indicate that optimum treatment 
duration with bacterial monoculture could contribute significantly towards an 
effective bioremediation process of CP.  
 
It is very clear from the values of correlation coefficient and scatter plot that 
the treatment duration has a significant role in bioremediation process of both ES and 
CP. Notwithstanding, the effect of treatment duration was found to be slightly more 
significant in case of CP bioremediation compared to that of ES bioremediation. 
 
Figure 5.
Figure 5.7
73: Scatter
4: Scatter p
 plot of % d
lot of % de
egradation
 
 
 
gradation o
 
 
 of ES vs. tr
f ES vs. tre
eatment du
atment dur
ration in N
ation in soi
200
-broth 
l slurry 
Figure 5.
Figure 5.7
75: Scatter
6: Scatter p
 plot of % d
lot of % de
egradation
gradation o
 
 of CP vs. tr
f CP vs. tre
eatment du
atment dur
ration in N
ation in soi
201
-broth 
l slurry  
202

5.26.2 Correlation of pesticide degradation and culture volume
The Pearson correlation coefficient values for per cent degradation of ES by 
bacterial monoculture (JCE-4) in response to culture volume (mL) in both N-broth 
and soil slurry media were found to be 0.97, at p < 0.01. The scatter plot of per cent 
degradation of ES versus culture volume in both N-broth and soil slurry showed a 
positive linear relationship (Figures 5.77 and 5.78). The higher values of correlation 
coefficient for pesticide degradation and culture volume showed that the optimum 
culture volume could significantly contribute towards an effective bioremediation 
process of ES. Also, the value of correlation coefficient was found to be the same in 
case of treatment in soil slurry as well as N-broth media, which indicated that there is 
no significant effect of remediation media on the remediation process of ES if same 
volume of bacterial monoculture is used.  
 
The Pearson correlation coefficient values for per cent degradation of CP by 
bacterial monoculture (GCC-3) in response to culture volume (mL) in both N-broth 
and soil slurry media were found to be 0.99, at p < 0.01. The scatter plot of per cent 
degradation of CP versus culture volume in both N-broth and soil slurry media 
showed a positive linear relationship (Figures 5.79 and 5.80). The values of 
correlation coefficient are significantly higher and indicated a strong relationship 
between degradation of CP and volume of bacterial monoculture used for 
bioremediation process. Therefore, the optimization of culture volume could 
significantly contribute towards the development of an effective bio-treatment process 
for bioremediation process of CP.   
 
It is quite clear from the values of correlation coefficient and scatter plot that 
the culture volume has a significant role in bioremediation of both ES and CP. 
Notwithstanding, the effect of culture volume was found to be slightly more 
significant in case of CP bioremediation compared to that of ES bioremediation.   
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5.26.3 Correlation of pesticide degradation and temperature 
The Pearson correlation coefficient values for per cent degradation of ES by 
bacterial monoculture (JCE-4) in response to incubation temperature (oC), in N-broth 
and soil slurry media were found to be 0.61 and 0.65, respectively at p < 0.01. The 
scatter plot of per cent degradation of ES versus incubation temperature, in both N-
broth and soil slurry media showed a positive linear relationship till the temperature 
reaches 35oC and thereafter slight deviations from linearity were observed (Figures 
5.81 and 5.82). Therefore, the optimization of temperature near 35oC for the given 
bacterial monoculture would be an important factor for the effective bioremediation 
of ES. Also, the moderately higher values of correlation coefficient of pesticide 
degradation and temperature showed that optimum temperature could significantly 
contribute towards an effective bioremediation of ES. 
 
The Pearson correlation coefficient values for per cent degradation of CP by 
bacterial monoculture (GCC-3) in response to incubation temperature, in N-broth and 
soil slurry media were found to be 0.50 and 0.55, respectively at p < 0.01. The scatter 
plot of per cent degradation of CP versus temperature in both N-broth and soil slurry 
showed a positive linear relationship (Figures 5.83 and 5.84). The medium values of 
correlation coefficient showed slightly poor relationship between biodegradation of 
CP and incubation temperature. Therefore, a very careful optimization incubation 
temperature would be required for an effective bioremediation process of CP using 
the given bacterial monoculture.  
It is fairly clear from the values of correlation coefficient and scatter plot that 
the temperature has a significant role in the bioremediation process of both ES and 
CP. Notwithstanding, the effect of incubation temperature was found to be slightly 
more significant with bioremediation of ES compared to that of CP.   
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5.26.4 Correlation of pesticide degradation and pH  
The Pearson correlation coefficient values for per cent degradation of ES by 
bacterial monoculture (JCE-4) in response to pH, in N-broth and soil slurry media 
were found to be 0.94 and 0.93, respectively, at p < 0.01. The scatter plot of per cent 
degradation of ES versus pH in both N-broth and soil slurry showed a positive linear 
relationship in both N-broth and soil slurry media (Figures 5.85 and 5.86). Also, it is 
evident from the scatter plot that the optimization of medium pH near 8.0 for the 
given bacterial monoculture would be an important factor for the effective 
bioremediation of ES. The higher values of correlation coefficient of ES degradation 
and pH showed that the selection of organism specific pH value could significantly 
contribute towards an effective bioremediation process of ES. 
 
The Pearson correlation coefficient values for per cent degradation of CP by 
bacterial monoculture (GCC-3) in response to pH, in N-broth and soil slurry media 
were found to be 0.94 and 0.96, respectively, at p < 0.01. Thus, it is evident that the 
biodegradation of CP is positively correlated with pH in both N-broth medium and 
soil slurry media. The scatter plot of per cent degradation of CP versus pH showed a 
positive linear relationship in both N-broth and soil slurry media (Figures 5.87 and
5.88). The statistically significant values of correlation coefficient of CP degradation 
and pH showed that the selection of organism specific pH value of remediation 
medium would be an important factor to facilitate effective bioremediation of CP by 
using bacterial monocultures.  
 
It is reasonably clear from the values of correlation coefficient and scatter plot 
of both ES and CP biodegradation that the organism specific selection of pH value 
could play a major role in the bio-treatment process. Notwithstanding, the effect of 
pH of remediation medium was slightly more significant with bioremediation of CP 
compared to that of ES.   
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5.27 REGRESSION MODELS FOR BIOREMEDIATION OF ES AND CP 
The regression model describes the mean of normally distributed dependent 
variable Y as a function of the predictor or independent variable X, as given below: 
 
;  < =><?@? = A
B
?C,
 
where,  
Yi  =  value dependent variable from the ith subject 
0, 1, 2. . . =  regression parameters  
0 = intercept and  
i = slopes of the independent variables.  
Xij  =  value of the jth independent variable  
  =  random error component 
 
In the present analysis, per cent biodegradation of pesticides (ES and CP) was 
taken as dependent variable, while treatment duration, culture volume, temperature 
and pH were considered as independent variables. Based on initial exploratory 
correlation and multiple linear regression analysis, the regression model structures 
were proposed for describing the parameters that affect bioremediation process of ES 
and CP.  
 
The response of per cent biodegradation by bacterial mono- and mixed-
cultures was computed in terms of treatment duration, culture volume, temperature 
and pH using MINITAB statistical software. The results of regression modeling of 
biodegradation of ES and CP by bacterial mono- and mixed-cultures are as 
represented in the Tables 5.63 and 5.64. The higher value of R2 suggests that the 
regression model structures showed strong relationship between parameters 
investigated on the bioremediation of ES and CP in the N-broth and soil slurry media, 
under laboratory conditions.  
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5.28 DEVELOPMENT OF EFFECTIVE BIOTREATMENT PROCESS 

Due to continuous use of pesticides in modern agriculture, significant quantities of 
pesticides and their degraded products may accumulate in the soil ecosystem. Soil 
microorganisms like bacteria and fungi are important biological agents that remove and 
degrade toxic waste materials to enable their recycling in the environment. Pesticide that 
disrupt the activities of the soil microbes could be expected to affect the nutritional quality 
of soils and would therefore, have serious ecological consequences. The degradation of 
pesticides in soil systems depends on their chemical and physical properties and how they 
interact with the biotic and abiotic soil components. Microorganisms are vital for soil 
fertility and for the degradation of organic matter and pollutant in soils.  
 
The development of an effective bioremediation process for pesticides such as 
endosulfan and chlorpyrifos requires understanding of various parameters which affect the 
ultimate outcome of the process, in one way or other. The fate of pesticides in the soil 
depends upon many factors, some of which are as mentioned below: 
 
i. Pesticide types 
ii. Pesticide structure 
iii. Pesticide concentration 
iv. Soil types 
v. Soil organic matter 
vi. Soil moisture 
vii. Soil pH 
viii. Temperature 
ix. Soil microbial biomass 
x. Interaction between soil microbes and pesticides, etc.  
 
Considering the above mentioned factors into account, the suggested design for an 
effective bioremediation of pesticide contaminated soil is as depicted in Figure-5.89.  
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Figure 5.89: Suggested design for an effective bioremediation of pesticides 
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6. DISCUSSION 
 
6.1 GENERAL OVERVIEW 
Expansion of agricultural activities in recent decades has led to pollution of 
soil and groundwater with pesticides. Currently there are a number of possible 
mechanisms for the clean-up of pesticides in soil, such as chemical treatment, 
volatilization and incineration. The physical and chemical methods for soil clean up 
are very expensive, and thus it is of great interest to assess the potential use of 
microbes in the bioremediation of pesticide-contaminated soil. As currently soil 
contamination is an important environmental problem, the need to remediate 
contaminated soil has led to the development of new technologies that emphasize the 
destruction of the contaminants rather than the conventional approach of disposal. 
Bioremediation involves the use of microorganisms (bacteria and fungi) or microbial 
processes to degrade environmental contaminants. Also, bioremediation is treated as a 
relatively new technology for effective and efficient management of environmental 
pollution.  
 
Due to environmental concerns associated with the accumulation of pesticides 
in food-products and water supplies there is a great need to develop safe, convenient 
and economically feasible methods for pesticide remediation (Zhang and Quiao, 
2002). For this reason several biological techniques involving biodegradation of 
organic compounds by microorganisms have been developed (Schoefs et al., 2004). 
Microbial metabolism is probably the most important pesticide degradative process in 
soils (Kearney, 1998) and is the basis for bioremediation, as the degrading 
microorganisms obtain C, N or energy from the pesticide molecules (Gan and 
Koskinen, 1998). 
 
The use of bioremediation to remove pollutants is typically less expensive 
than the equivalent physical-chemical methods. This technology offers the potential to 
treat contaminated soil and groundwater on site without the need for excavation 
(Balba et al., 1998; Kearney, 1998), so it requires little energy input and preserves the 
soil structure (Hohener et al., 1998). Perhaps the most attractive feature of 
bioremediation is the reduced impact on the natural ecosystems, which should be 
more acceptable to the public (Zhang and Quiao, 2002).  
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6.2 PESTICIDE USE PATTERN IN THE SELECTED STUDY SITES 
 
The qualitative as well as quantitative surveys were performed on the use-
pattern of various pesticides in the selected study sites, because it is important to 
ascertain the nature and amount of various pesticides being consumed in the given 
agro-climatic zone, before deciding upon the need to remediate the contaminated 
sites. Since the different formulations of pesticides differ in their potential of 
bioaccumulation, persistence and environmental hazards, hence it becomes important 
to know the formulations of pesticides being used under the current agricultural 
practices.  
 
The present study showed that 31%, 26% and 36% pesticide formulations 
were consumed in the cultivation of cotton, groundnut and vegetables, respectively by 
the farmers of Rajkot taluka. The farmers of Gondal taluka utilize 33%, 22% and 
25%, pesticide formulations in the cultivation of cotton, groundnut and vegetables, 
respectively. Out of all formulations of pesticides used, 41%, 32% and 27% of 
different formulations were consumed in the cultivation of cotton, groundnut and 
vegetables respectively, by the farmers of Jetpur taluka. It is clear that in all three 
selected study sites, majority of pesticide formulations are being consumed in the 
cultivation of cotton, groundnut and vegetables. Also, it is clear that the consumption 
pattern of pesticide formulations is area specific. However, the maximum 
formulations of pesticides are being consumed in the cultivation of cotton crop 
followed by vegetables, at all the three study sites. Therefore, pesticide management 
strategy needs to focus on the cultivation of cotton followed by vegetables.  
 
The various formulations of pesticides which are used in the cultivation of 
different crops in these selected study sites need to be tested for their candidature as 
persistent organic pollutants as well as their environmental fate and potential hazards. 
The present study investigated the intricacy of biodegradation of endosulfan and 
chlorpyrifos using native bacterial isolates for an effective remediation of 
contaminated soil. This kind of study could pave the way for the development of 
effective bioremediation strategy for the pesticide contaminated soil, thereby reducing 
the environmental risk of pesticides used in crop production. 
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6.3 ISOLATION & MIC OF PESTICIDE-DEGRADING
       BACTERIAL ISOLATES 
 
In the present study, eleven bacteria resistant to both endosulfan 
(organochlorine) and chlorpyrifos (organophosphorus) were isolated. Out of eleven 
bacterial isolates, two were isolated from Rajkot taluka, six from Gondal taluka and 
remaining three from Jetpur taluka. The majority of the bacterial isolates (six out of 
eleven) were obtained from Gondal taluka where pesticide spraying and crop rotation 
were frequent. The microbial populations in this area were exposed to different 
formulations of pesticides, which resulted in adaptation of the microbes against the 
anthropogenic agrochemicals, as evident by their growth in the presence of pesticides 
in the culture medium. 
 
The results showed that all isolates of Rajkot taluka showed growth in the 
presence of 10-20 mg/L of endosulfan and 10-60 mg/L of chlorpyrifos, within 24-96 
hours for both pesticides. The MIC of bacterial isolates from Gondal taluka was found 
in the range of 10-30 mg/L of endosulfan and 10-100 mg/L of chlorpyrifos. The MIC 
of isolates from Jetpur taluka was observed in the range of 10-20 mg/L of endosulfan 
and 10-80 mg/L of chlorpyrifos. The most resistant isolates were obtained from 
Gondal taluka. These isolates could tolerate upto 30 mg/L of endosulfan and 100 
mg/L of chlorpyrifos, and showed growth in 24 – 72 hours.  
 
Insecticide alpha- endosulfan, beta-endosulfan is degraded by single bacteria 
like Klebsiella oxytoca, Bacillus spp., Pandoraea sp., Micrococcus sp. and by mixed 
bacterial co-culture. Microbial degradation of endosulfan may play important role in 
detoxifying the endosulfan by different groups of microorganism. The three bacterial 
strains, viz. Pseudomonas spinosa, P. aeruginosa, and Burkholderia cepacia, were 
found to be the most efficient degraders of both - and -endosulfan in a study by 
Hussain et al. (2007).  
 
Many bacteria including Cornybacterium sp., Nocardia sp., Mycobacterium 
sp., Pseudomonas fluorescens, Pseudomonas aeruginosa have been reported to be 
endosulfan degraders and are used to develop techniques of bioremediations on 
endosulfan. Pseudomonas aeruginosa is able to achieve 94% degradation of 
endosulfan in contaminated soil (Jayashree, 2007).  
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Ochrobacterum sp, Arthrobacter sp, Pseudomonas alcaligenes, Burkholderia 
sp and Pseudomonas sp degraded -endosulfan to by 50, 45, 23, 32, and 64 % 
respectively after 3 days of incubation which increased to 57, 74, 57, 76 and 90% 
respectively as compared to 9% in control after 7 days (Kumar, 2008). 
 
Chlorpyrifos has been reported to be degraded co-metabolically in liquid 
media by Flavobacterium sp. and also by an Escherichia coli clone with an opd gene. 
Pseudomonas aeruginosa, Bacillus cereus, Klebsiella sp., and Serratia marscecens 
obtained from consortia showed 84, 84, 81, and 80% degradation of chlorpyrifos (50 
mg/L) in liquid medium after 20 days and 92, 60, 56, and 37% degradation of 
chlorpyrifos (50 mg/L) in soil after 30 days. The bacterial degradation of chlorpyrifos 
by Flavobacterium sp. ATCC 27551 and Arthrobacter sp., isolated from 
contaminated sources, which degrade chlorpyrifos cometabolically, and Enterobacter 
strain B-14, Alcaligenes faecalis, and Klebsiella sp., which degrade and utilize 
chlorpyrifos as sole carbon source (Lakshmi, 2009) 
 
A Serratia sp. that can transform chlorpyrifos to TCP, and a Trichosporon sp. 
that is capable of mineralizing TCP were used for lab scale bioremediation study (Xu 
G., 2007). Klebsiella sp., Pseudomonas putida and Aeromonas sp., offered resistance 
upto 2mg/mL, 4mg/mL and 8mg/mL of chlorpyrifos while Pseudomonas putida and 
Aeromonas sp., resisted higher concentrations i.e., 10mg/mL and 20mg/mL (Ajaz, 
2005). 
 
In the present study, eleven bacterial isolates resistant to both endosulfan and 
chlorpyrifos were selected. For the isolates of Rajkot taluka, the MIC of RCE-2 was 
20 mg/L of endosulfan and 10 mg/L of chlorpyrifos. For the isolates obtained from 
Gondal taluka, the MIC of GCC-1 was found to be highest for both endosulfan and 
chlorpyrifos, i.e. 25 mg/L and 100 mg/L respectively, followed by GCC-3 & GCC-4. 
The three selected isolates from Jetpur taluka included JCE-4, JCC-2 and JCC-3, in 
which the highest MIC was observed for isolate JCC-2 for both endosulfan (20 mg/L) 
and chlorpyrifos (80 mg/L). 
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6.4 PESTICIDE ADAPTATION AND VIABLE COUNT OF  
       BACTERIAL ISOLATES 
 
In the present study, the adaptation of bacterial isolates against endosulfan and 
chlorpyrifos has been investigated. The growth of eleven bacterial isolates (mono-
cultures) and four bacterial mixed cultures on different media supplemented with 
endosulfan and/or chlorpyrifos were observed at a time interval of 24 hours and 
incubation at room temperature, under static as well shaking conditions.  
 
From the present study, it was found that the bacterial isolates of Rajkot taluka 
were able to appear after 96 hours of incubation under both static and shaking 
conditions; however growth was more visible after 96 hours of incubation under 
shaking conditions. Therefore, it is clear that static and shaking conditions do not 
affect much on the initial adaptation of bacteria against pesticide, but shaking 
condition hastens the bacterial growth once the pesticide adaptation is secured.  
 
The bacterial isolates of both Gondal and Jetpur talukas were able to grow 
after 72 hours of incubation under both static and shaking conditions, however good 
growth was noticed after 96 hours of incubation under shaking conditions. This 
indicates that although there is no noticeable effect of static and shaking conditions on 
the initial growth of the bacterial isolates, however once the organisms get adapted 
against the pesticide; their growth is found to be rapid under shaking condition. 
 
In case of ES-treated samples, the viable count was in the order of 107 per 
gram of soil, while in case of chlorpyrifos it was 108 per gram of soil. Therefore, 
compare to ES-treated samples, the viable counts were found to be higher in case of 
CP-treated samples. When the soil samples were treated with both endosulfan and 
chlorpyrifos, then the viable count was found to be in the order of 106 per gram of 
soil. This indicates that exposure of soil bacteria to multiple pesticide formulations 
results in the further decline in their viable counts. The proper understanding of the 
complexity of pesticide – microbial interactions in soil could help in the accelerated 
degradation of applied pesticides in the soil. 
 
 
221 
 
6.5 PHYSICOCHEMICAL PROPERTIES OF SOILS 
 
In the present study, the effect of soil physical properties (bulk density, 
porosity, soil moisture & electrical conductivity) and soil chemical properties (soil 
pH, organic carbon, organic nitrogen & available phosphorus) on the abundance of 
pesticide tolerant bacterial diversities was investigated.  
 
From the soils of Rajkot taluka, with average bulk density of 0.93 g/cc, 
porosity of 67.4%, soil moisture of 31.9%, electrical conductivity of 0.73 mS/cm, soil 
pH of 7.8, organic carbon of 6.7 g/kg, organic nitrogen of 0.7 g/kg and available 
phosphorus of 24.1 mg/kg, only two bacterial isolates, viz. RCE-2 and RCC-2 
resistant to endosulfan and chlorpyrifos respectively, were isolated.  
 
From the soils of Gondal taluka, with average bulk density of 0.96 g/cc, 
porosity of 63.4%, soil moisture of 47.6%, electrical conductivity of 0.93 mS/cm, soil 
pH of 7.5, organic carbon of 7.2 g/kg, organic nitrogen of 0.78 g/kg and available 
phosphorus of 30 mg/kg, six bacterial isolates viz. GCE-3, GCE-4, GCE-5, GCC-1, 
GCC-3 and GCC-4 resistant to varying amount of endosulfan and chlorpyrifos were 
isolated. 
 
From the soils of Jetpur taluka, with average bulk density of 0.97 g/cc, 
porosity of 62.5%, soil moisture of 41.5%, electrical conductivity of 0.74 mS/cm, soil 
pH of 7.7, organic carbon of 6.7 g/kg, organic nitrogen of 0.7 g/kg and available 
phosphorus of 33.6 mg/kg, only three bacterial isolates viz. JCE-4, JCC-2 and JCC-3 
resistant to varying amount of endosulfan and chlorpyrifos were isolated. 
 
Therefore, it is clear that the soil physicochemical properties significantly 
affect the pesticide resistant bacterial diversity in the cultivated soil. The favourable 
soil properties are essential to ensure the presence of an active microbial population in 
the soil that can degrade pesticides. 
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6.6 CHARACTERIZATION AND IDENTIFICATION OF  
       BACTERIAL ISOALTES 
 
In the present work, eleven bacterial isolates resistant to varying amount of 
endosulfan and/or chlorpyrifos were screened and isolated from three different talukas 
of Rajkot district. Two bacterial isolates viz. RCE-2 and RCC-2 resistant to 
endosulfan and chlorpyrifos respectively, were isolated from the soils of Rajkot 
taluka.  
 
Six bacterial isolates viz. GCE-3, GCE-4, GCE-5, GCC-1, GCC-3 and GCC-4 
resistant to endosulfan and chlorpyrifos were isolated from the soils of Gondal taluka, 
while three bacterial isolates viz. JCE-4, JCC-2 and JCC-3 resistant to endosulfan and 
chlorpyrifos were isolated from the soils of Jetpur taluka.  
 
The bacterial isolates were identified as Bacillus subtilis (RCE-2),
Pseudomonas aeruginosa (RCC-2), Arthrobacter sp. (JCE-4), Staphylococcus sp. 
(JCE-2), Streptococcus sp. (JCC-3), Arthrobacter sp. (GCE-3), Pseudomonas putida 
(GCE-4), Bacillus pumulus (GCE-5), Staphylococcus sp. (GCC-1), Flavobacterium 
sp. (GCC-3) and Azomonas sp. (GCC-4). 
 
Isolation, characterization and identification of bacterial isolates from 
diversifying soil types by different research groups provide very diverse types of 
microorganisms capable of pesticide degradation. A widely available insecticide 
alpha- endosulfan, beta-endosulfan is degraded by single bacteria like Klebsiella 
oxytoca, Bacillus spp., Pandoraea sp., Micrococcus sp. and by mixed bacterial co-
culture (Bhalerao, 2007). Flavobacterium sp., Pseudomonas diminuta, Pseudomonas 
putida, Enterobacter Strain B-14 are isolated from chlorpyrifos contaminated sites 
and showed degradation capacity for chlorpyrifos (Singh, 2004). 
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6.7 GROWTH RESPONSE OF BACTERIAL ISOLATES IN  
       PRESENCE OF PESTICIDES 
 
In the present study, bacterial mono-cultures showed higher growth in 
presence of pesticides when cultured using salt rich LB and M9 media compared to 
that in N-agar media. The same trend for growth response was also observed in case 
of bacterial mixed-cultures. Bacteria are tending to be adapted under different 
environmental conditions they encounter. As time passes, bacteria get adapted to the 
exposed condition i.e. presence of pesticide. The initial phase of adaptation may lead 
to the decrease in bacterial growth as well as decrease in pesticide degradation rate. 
 
It has been reported that in presence of chlorpyrifos, growth of Klebsiella sp., 
Pseudomonas putida, Aeromonas sp. increases and shows resistant to the effect of 
chlorpyrifos. At initial concentration of pesticide bacterial isolates increases growth 
till moderate range of concentration but it has been found that at high to very high 
concentration bacterial growth slightly decreases or it becomes somewhat sensitive 
(Ajaz et. al., 2005).  
 
During the process of adaptation, it was observed that in the presence of high 
concentration of insecticides, the bacteria were greatly stressed and as a consequence, 
their growth was slowed. It also has been found that addition of external carbon 
source like dextrose increased the degradation efficiency of bacteria and also 
increases the growth of bacteria in presence of pesticide (Mathava kumar and Ligy 
Philip, 2008). 
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6.8 EFFECT OF TEMPERATURE AND pH ON THE GROWTH  
      OF BACTERIAL ISOLATES 
 
In the present study, the optimum growth temperature for the endosulfan-
resistant isolate of Rajkot taluka (RCE-2) was 30OC and that of chlorpyrifos-resistant 
isolate (RCC-2) it was 37oC. For the isolates of Gondal taluka, the optimum growth 
temperature was 25oC (GCE-3) and 30oC for endosulfan-resistant isolates (GCE-4 and 
GCE-5), and 37oC (GCC-1), 25oC (GCC-3) and 30oC (GCC-4) for chlorpyrifos-
resistant isolates. In case of isolates of Jetpur taluka, the optimum growth temperature 
was 25oC for endosulfan-resistant isolates (JCE-4) and 37oC for chlorpyrifos-resistant 
isolates (JCC-2 and JCC-3). 
 
The effect of temperature on the biodegradation of pesticide depends on the 
molecular structure of the pesticide. Temperature affects solubility, adsorption and 
hydrolysis of pesticides in soil. The activity of soil microorganisms is stimulated with 
the rise in temperature. The maximum growth and activity of microorganisms in soils 
are reported at 25oC to 35oC of temperature. It has been also reported that the 
pesticide degradation is optimal at temperature range of 25oC to 40oC. At lower 
temperature, the persistence of various pesticides in the soil is found to be higher 
(Alexander, 1977; Jitender, 1993; Topp, Vallayes and Soulas, 1997).  
 
In the present study, the optimum growth pH for the endosulfan-resistant 
isolate of Rajkot taluka (RCE-2) was 7.0 and that of chlorpyrifos-resistant isolate 
(RCC-2), it was 7.5. For the isolates of Gondal taluka, the optimum growth pH was 
7.0 for endosulfan-resistant isolates (GCE-3, GCE-4 and GCE-5) and 7.5 (GCC-1 and 
GCC-4) and 7.0 (GCC-3) for chlorpyrifos-resistant isolates. For the isolates of Jetpur 
taluka, the optimum growth pH was 7.0 for ES-resistant isolate (JCE-4) and 8.0  
(JCC-2) and 6.0 (JCC-3) for chlorpyrifos-resistant isolates.  
 
The soil pH may affect pesticide adsorption, abiotic and biotic degradation 
processes. It also influences mobility and bioavailability of pesticide in the soil. The 
effect of soil pH on degradation of a given pesticide depends greatly on whether a 
compound is susceptible to alkaline or acid catalyzed hydrolysis. Soil pH influences 
the sorptive behaviour of pesticide molecule on clay and organic surfaces in the soil 
(Burns , 1975 and Hicks et. al., 1990). 
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6.9 RECOVERY OF PESTICIDES FROM N-BROTH AND SOIL SLURRY 
 
In the present study, the recovery efficiency of endosulfan from N-broth and 
soil slurry media using chloroform extraction followed by D-TLC estimation ranged 
from 59.6% to 88.0% in case of former, while it was between 46.1% and 66.3% in 
case of latter. The average recovery efficiency of endosulfan was found to be 76.4% 
from N-broth and 55.9% from soil slurry. It is clear that the recovery efficiency of 
endosulfan is lower from soil slurry compared to that of N-broth. The R2 value of 
calibration curve of endosulfan concentration versus spot intensity in D-TLC was 
found to be 0.945, which is statistically significant. 
 
The recovery efficiency of chlorpyrifos using chloroform extraction followed 
by D-TLC ranged from 63.0% to 91.7% in case of N-broth, while it was between 
48.2% and 70.8% in case of soil slurry. The average recovery efficiency of 
chlorpyrifos was found to be 77.9% from N-broth and 60.0% from soil slurry. The 
recovery efficiency of chlorpyrifos was found to be lower in case of soil slurry 
compared to that of N-broth medium. The R2 value of calibration curve of 
chlorpyrifos concentration versus spot intensity in D-TLC was found to be 0.981, 
which is statistically highly significant. 
 
6.10 ES-DEGRADATION BY BACTERIAL MONO- & MIXED CULTURES 
In the present study, the effect of treatment duration (incubation period) with 
the same volume of bacterial monocultures was found to be highly significant in case 
of endosulfan degradation. The ES degradation was found to be slightly higher in N-
broth medium than in soil slurry medium, with the same volume of bacterial 
monocultures. The degradation of ES was found to be 12.4, 27.6, 56.8 and 64.8% in 
N-broth medium, and 11.6, 25.0, 52.2 and 58.7% in soil slurry medium, when each 
medium inoculated with 10% of bacterial monoculture RCE-2, after 5, 10, 15 and 30 
days of incubation period respectively, at room temperature. The degradation of ES 
was 17.4, 36.5, 65.2 and 71.2% in N-broth, and 16.0, 33.1, 60.0 and 64.6% in soil 
slurry medium with isolate JCE-4. The ES degradation was 14.3, 23.7, 52.8 and 
58.4% in N-broth, and 13.2, 21.5, 48.6 and 53.0% in soil slurry medium with isolate 
GCE-4, after 5, 10, 15 and 30 days of incubation period respectively, at room 
temperature. In case of isolate GCE-5, the ES degradation was 16.5, 27.7, 61.6 and 
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67.1% in N-broth and 15.1, 25.1, 56.7 and 60.9% in soil slurry medium, after 5, 10, 
15 and 30 days of incubation period respectively, at room temperature. 
 
The effect of culture volume and inoculation media on degradation of 
endosulfan was found to be quite significant in case of bacterial monocultures with 
the same period of incubation. The degradation of ES was found to be 22.4, 37.5, 66.8 
and 74.8% in N-broth medium, and 21.4, 35.1, 62.3 and 68.7%, in soil slurry medium, 
when each medium separately inoculated with 10%, 15%, 20% and 25% of bacterial 
monoculture RCE-2 respectively, for an incubation period of 10 days. The 
degradation of ES was 27.4, 46.5, 75.2 and 80.2% in N-broth, and 26.0, 43.1, 70.0 
and 74.6% in soil slurry medium with isolate JCE-4. The ES degradation was 24.3, 
33.7, 62.9 and 68.4% in N-broth, and 23.2, 31.5, 58.6 and 63.0% in soil slurry 
medium with isolate GCE-4. In case of isolate GCE-5, the ES degradation was 26.5, 
37.6, 71.7 and 77.1% in N-broth and 25.2, 35.1, 66.7 and 70.9% in soil slurry 
medium, when separately inoculated with 10%, 15%, 20% and 25% of bacterial 
monoculture respectively, for an incubation period of 10 days at room temperature.  
 
The effect of treatment duration on endosulfan degradation was found to be 
highly significant with the same volume of bacterial mixed-cultures. The ES 
degradation was also found to be slightly higher in N-broth medium than that in soil 
slurry medium, with the same volume of bacterial mixed-cultures. The degradation of 
ES was 21.5, 34.2, 73.0 and 80.5% in N-broth, and 19.7, 31.0, 67.2 and 73.0% in soil 
slurry medium with mixed-culture GCE345. The ES degradation was 16.0, 24.8, 35.2 
and 41.0% in N-broth, and 14.7, 22.5, 32.4 and 37.2% in soil slurry medium with 
mixed-culture GCC134, after incubation period of 5, 10, 15 and 30 days respectively, 
at room temperature.
 
In response to culture volume and inoculation media with the same period of 
incubation, the degradation of ES was found to be fairly significant with bacterial 
mixed-cultures. The degradation of ES was 31.5, 44.2, 63.1 and 73.5% in N-broth, 
and 29.7, 41.1, 47.2 and 63.0% in soil slurry medium with mixed-culture GCE345. 
The ES degradation was 36.1, 34.8, 45.2 and 51.0% in N-broth, and 24.7, 32.5, 42.4 
and 47.2% in soil slurry medium with mixed-culture GCC134, when separately 
inoculated with 10%, 15%, 20% and 25% of bacterial mixed-culture respectively, for 
an incubation period of 10 days, at room temperature.  
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6.11 CP-DEGRADATION BY BACTERIAL MONO- & MIXED CULTURES 
In the present study, the degradation of CP was found to be only 18.3% after 5 
days of treatment duration. However, the degradation was 57.0% after 30 days of 
treatment duration in N-broth medium using 10% culture volume of bacterial mono-
culture RCC-2, for incubation at room temperature. In soil slurry medium, the CP 
degradation was 16.6% and 51.7% after treatment duration of 5 days and 30 days 
respectively, using 10% culture volume of bacterial mono-culture RCC-2. In case of 
bacterial isolate GCC-1, the CP degradation was 10.5% and 37.6% in N-broth, and 
9.6% and 34.2% in soil slurry media, after 5 days and 30 days of treatment duration 
respectively, at room temperature. In case of isolate GCC-3, the degradation of CP 
was 11.2% and 42.2% in N-broth, and 10.2% and 38.3% in soil slurry media, after 5 
days and 30 days of treatment duration respectively, at room temperature. In case of 
isolate JCC-2, the degradation of CP was 20.2% and 74.6% in N-broth, and 18.3% 
and 69.5% in soil slurry medium, after 5 days and 30 days of treatment duration 
respectively, at room temperature. Therefore, it is clear that the effect of treatment 
duration with the same volume of bacterial monocultures was very significant in case 
of degradation of chlorpyrifos. The degradation of CP was also found to be slightly 
higher in case of N-broth than that in soil slurry medium. Also, the degradation of CP 
varied significantly with the type of bacterial mono-cultures used. 
 
The effect of culture volume and inoculation media with the same period of 
incubation, on the degradation of chlorpyrifos was found to be quite significant in 
case of bacterial monocultures. The CP degradation was found to be 28.3% and 
67.0% in N-broth, and 26.6% and 61.7% in soil slurry media with isolate RCC-2, 
using 10% and 25% of bacterial monoculture (v/v) respectively, for an incubation 
period of 10 days at room temperature. The CP degradation was 20.5% and 47.6% in 
N-broth, and 19.6 and 44.2% in soil slurry medium with isolate GCC-1, using 10% 
and 25% of bacterial monoculture (v/v) respectively, for an incubation period of 10 
days at room temperature. In case of isolate GCC-3, the CP degradation was 21.2% 
and 52.2% in N-broth, and 20.2% and 48.3% in soil slurry media, using 10% and 25% 
of bacterial monoculture (v/v) respectively, for an incubation period of 10 days at 
room temperature. In case of isolate JCC-2, the degradation of CP was 30.2% and 
74.6% in N-broth, and 28.4% and 69.5% in soil slurry media, using 10% and 25% of 
bacterial monoculture (v/v) respectively, for an incubation period of 10 days at room 
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temperature. Therefore, it is clear that the degradation of CP varied significantly with 
the culture volume. The CP degradation was higher with the increased culture volume 
of bacterial mono-cultures. Also, the degradation of CP was slightly higher in case of 
N-broth than that in soil slurry medium. 
 
In the present study, when bacterial mixed-cultures, viz. GCE345 and 
GCC134 were used, a trend similar to that of bacterial mono-cultures was observed. 
The effect of treatment duration with the same volume of bacterial mixed-cultures 
was found to be highly significant in case of chlorpyrifos degradation. Also, the CP 
degradation was also found to be slightly higher in N-broth medium than soil slurry 
medium, with the same volume of bacterial mixed-cultures.  
 
In response to culture volume and inoculation media with the same period of 
incubation, the degradation of chlorpyrifos was found to be significant in case of 
bacterial mixed-cultures. The degradation of CP was 20.8% and 46.7% in N-broth, 
and 19.8% and 37.4% in soil slurry media, by mixed-culture GCE345, using 10% and 
25% of culture volume (v/v) respectively, for the treatment duration of 10 days at 
room temperature. In case of bacterial mixed-culture GCC134, the CP degradation 
was 38.8% and 75.2% in N-broth, and 27.1% and 61.3% in soil slurry medium, using 
10% and 25% of culture volume (v/v) respectively, for the treatment duration of 10 
days at room temperature. Therefore, it is clear that the degradation of CP using 
bacterial mixed-cultures is significantly affected by the culture volume and 
inoculation medium used for the purpose of bioremediation. 
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6.12 GC-MS ANALYSIS OF ES AND CP DEGRADATION 
 
The GC-MS analysis of soil slurry samples containing endosulfan and treated 
separately with bacterial mono-culture and mixed-culture for 10 days showed the 
presence of endosulfan at R.T. of 11.325 minutes. The comparison with standard 
library of Wiley Registry of Mass Spectral Data version-7 confirmed the matching of 
mass/charge ratio v/s relative intensity at R.T. 11.325 for both the samples to standard 
spectra of endosulfan. The results of GC obtained in this work matched with that of 
Kumar and Philip (2006) and Leung et. al. (1996). The mass spectra of endosulfan 
containing samples treated with bacterial mono- and mixed-culture showed no any 
known toxic intermediates. The results suggested that our bacterial isolates were not 
forming any toxic intermediates during the degradation of endosulfan and thus could 
be utilized for the bioremediation process of endosulfan contaminated soil. Similar 
kind of results were also reported by Kumar & Philip (2006) for anaerobic culture, 
while our isolates are aerobic and can be easily applied for traditional bioremediation 
process of pesticide-contaminated soil. 
 
In case of soil slurry containing chlorpyrifos and treated separately with 
bacterial mono- and mixed-culture for 10 days, the GC-MS analysis showed the 
presence of chlorpyrifos at R.T. of 9.558 minutes. The comparison with standard 
library of NIST-07 mass spectral database confirmed the matching of mass/charge 
ratio v/s relative intensity at R.T. 9.558 for both the samples to standard spectra of 
chlorpyrifos. The mass spectra obtained in our study showed that the chlorpyrifos was 
degraded to some small metabolites which could not be identified using the available 
library database. The results of mass spectra matched with observations of Geetha and 
Fulekar (2008). The presence of chlorpyrifos was observed at R.T. 9.558 minutes but 
no any intermediate was identified till R.T. 22 minutes. This indicated that 
chlorpyrifos is probably completely metabolized by the bacterial isolates into smaller 
intermediates. 
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6.13 EFFECT OF TEMPERATURE ON BIOREMEDIATION OF ES AND CP 
In the present study, in case of bioremediation using bacterial monocultures in 
the soil slurry medium, the degradation of ES (23.7%) was found to be highest at 
37oC and that of CP (25.9%) at 45oC by the isolate RCE-2, after 10 days of 
incubation. By using isolate GCE-4, the degradation of ES (44.1%) and that of CP 
(25.2%) was highest at 37oC of incubation temperature. In case of isolate RCC-2, the 
degradation of ES (32.1%) and that of CP (40.0%) was highest at 37oC. By using 
isolate GCC-3, the degradation of ES (27.0%) was highest at 45oC and that of CP 
(41.2%) was highest at 37oC, after 10 days of incubation. 
 
In case of bioremediation using bacterial mixed-cultures in soil slurry 
medium, with culture GCE345, the degradation of both ES (45.8%) and CP (30.9%) 
was highest at incubation temperature of 37oC, after 10 days of incubation. By using 
culture GCC134 too, the degradation of both ES (36.0%) and CP (44.6%) was highest 
at 37oC, after 10 days of incubation.  
 
Bioremediation of chlorpyrifos is much affected by the change in temperature 
and pH. As pH and temperature increases degradation rate of chlorpyrifos also 
increases. It has been reported that as temperature increases from 80C to 280C, the 
degradation of chlorpyrifos by Aspergillus sp. is enhanced (Liu et. al., 2003).  
 
Wang et. al. (2006) reported that the degradation rate of chlorpyrifos by               
B. latersprorus DSP in pure cultures was affected by temperature showing an order of  
350C > 250C > 150C. The results showed that the increase in temperature enhances the 
degradation rate of chlorpyrifos (Fang et. al., 2008). 
 
In the present study, the degradation of endosulfan as well as chlorpyrifos was 
found to be higher in the temperature range of 30 to 37oC for majority of the bacterial 
isolates. The variation in the degradation of endosulfan and chlorpyrifos with 
changing temperature was quite significant in both the cases of treatments, viz. 
treatment with bacterial mono-culture and treatment with bacterial mixed-culture.   
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Arshad et. al. (2007) reported that the biodegradation of endosulfan by 
Pseudomonas aeruginosa in loam soil slurry varied significantly with temperature. 
The degradation of -endosulfan ranged from 48% to 84%, while of -endosulfan 
ranged from 46% to 82% as the incubation temperature increased from 20 to 300C and 
decreased at temperatures greater than 300C. The slowest biodegradation in inoculated 
flasks (43%) occurred at 450C. 
 
The effect of temperature on pesticide bioremediation depends on the 
molecular structure of the pesticide. It is expected that the solubility of pesticide 
increases with the rise in temperature. It is also expected that the rise in temperature 
results in the stimulation of microbial activities. It is also found that the maximum 
growth and activity of microorganisms in soils occur between 25 to 35oC of 
temperature (Burns; 1975, Racke et. al.; 1997 & Topp et. al.; 1997).  
 
6.14 EFFECT OF pH ON BIOREMEDIATION OF ES AND CP 
In the present study, the degradation of ES (26.6%) and CP (20.4%) using 
bacterial monoculture in soil slurry medium was highest at pH 8.0 and pH 7.5 
respectively, by the isolate RCE-2, with 10% of actively growing culture and 10 days 
of incubation period at room temperature. In case of isolate GCE-4, the degradation of 
ES (23.8%) was highest at pH 8.0 and the degradation of CP (20.0%) was maximum 
at pH 7.5. With isolate RCC-2, the degradation of ES (21.3%) was maximum at pH 
8.0 and that of CP (29.4%) was highest at pH 7.0. In case of isolate GCC-3, the 
degradation of ES (24.0%) was highest at pH 8.0 and that of CP (39.2%) at pH 7.5, 
with 10% of actively growing culture and 10 days of incubation period at room 
temperature. 
 
In case of bioremediation using bacterial mixed-culture GCE345 in soil slurry 
medium, the degradation of ES (36.9%) and CP (23.6%) was highest at pH 8.0 and 
pH 7.5 respectively, with 10% of actively growing culture and 10 days of incubation 
period at room temperature. By using bacterial mixed-culture GCC134, the 
degradation of ES (30.1%) was highest at pH 8.0 and that of CP (33.7%) was 
maximum at pH 7.5, with 10% of actively growing culture and 10 days of incubation 
period at room temperature. 
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It is known that the rates of base-catalyzed hydrolysis for many 
organophosphorus insecticides are often greatly accelerated in water at pH values 
above 7.5 (Greenhalgh et. al., 1980). Wang et. al. (2005) reported that the 
biodegradation rates of chlorpyrifos by Fusarium LK were higher at pH 6.5–9.0 in 
pure cultures. Degradation of chlorpyrifos in the two acidic soils was slow, especially 
in the soil with pH 4.7, where the half-life was 256 days. Chlorpyrifos degradation at 
pH 5.7 was somewhat faster, with the half-life being 58 days. Formation of the 
metabolite TCP was more pronounced at pH 5.7 than at pH 4.7. Chlorpyrifos 
degradation in the more neutral pH 6.7 soil was quicker than in the two acidic soils, 
with a half-life of 35 days. Chlorpyrifos degradation was rapid in the two alkaline 
soils (pH 7.7 and 8.4), with a half-life of 16 days in both of them (Singh et. al., 2003 
and Fang et. al., 2008). 
 
The pH of soil may affect pesticide degradation by altering the pesticide 
adsorption and also by influencing the microbial activity in the soil. Soil pH may also 
affect the mobility and bioavailability of pesticides. The effect of soil pH on 
degradation of a given pesticide depends greatly on whether the pesticide is 
susceptible to alkaline or acid catalyzed hydrolysis (Burns, 1975, Hicks et. al., 1990 
and Racke et. al., 1997).  
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6.15 EFFECT OF AERATION ON BIOREMEDIATION OF ES AND CP 
 
In the present study, the effect of aeration on bioremediation of ES and CP 
using bacterial mono- and mixed-cultures was investigated in soil slurry medium. The 
degradation of ES was found to be 21.8% and 27.5%, and that of CP was 12.8% and 
16.6% under static and shaking conditions respectively, by the isolate RCE-2, after 10 
days of incubation at room temperature.  
 
The degradation of ES was 23.5% and 35.6%, and that of CP was 9.9% and 
14.3% under static and shaking conditions respectively, by isolate GCE-4, after 10 
days of incubation at room temperature. The degradation of ES was found to be 
11.1% and 19.8%, and that of CP was 17.1% and 31.5% under static and shaking 
conditions respectively, by isolate RCC-2, after 10 days of incubation at room 
temperature. In case of isolate GCC-3, the degradation of ES was 13.7% and 20.7%, 
and that of CP was 18.9% and 34.6% under static and shaking conditions respectively, 
after 10 days of incubation at room temperature. Therefore, it is clear that the 
degradation of both ES and CP by bacterial mono-cultures was significantly higher 
under shaking condition compared to that of static condition. 
 
In case of bioremediation using bacterial mixed-cultures in soil slurry 
medium, the degradation of ES was 33.3% and 42.6%, and that of CP was 22.0% and 
29.6% under static and shaking conditions respectively, with culture GCE345, after 
10 days of incubation at room temperature.  
 
The degradation of ES was 21.3% and 29.5%, and that of CP was 30.0% and 
42.9% under static and shaking conditions respectively, by mixed-culture GCC134, 
after 10 days of incubation at room temperature. Therefore, it is clear that the 
degradation of ES as well as CP by bacterial mixed-cultures was significantly higher 
under shaking condition compared to that of static condition. 
 
Arshad (2007) reported that with aeration, biodegradation of - and -
endosulfan was 86% and 82%, when compared with 69% and 67% under static 
conditions, respectively.  
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6.16 EFFECT OF SOIL AMENDMENTS ON BIOREMEDIATION  
         OF ENDOSULFAN AND CHLORPYRIFOS 
 
In the present study, the effect of organic amendments viz. compost, cow 
dung, leaf litter and crop residues, on bioremediation capability of bacterial mono- 
and mixed-cultures in soil slurry medium was investigated. In case of bacterial mono-
cultures, the degradation of ES was 26.6% and 29.6% by the isolates RCE-2 and 
GCE-4 respectively, when amended with compost in soil slurry medium, after the 
incubation period of 10 days at room temperature. When amended with cow dung, the 
degradation of ES was 22.5% and 26.8% by the isolates RCE-2 and GCE-4 
respectively. When amended with leaf-litter, the degradation of ES was 19.4% and 
19.6% by the isolates RCE-2 and GCE-4 respectively. When amended with crop 
residues, the degradation of ES was 13.6% and 11.8% by isolates RCE-2 and GCE-4 
respectively, in soil slurry medium, after the incubation period of 10 days at room 
temperature. Therefore, it is clear that the biodegradation of ES by bacterial mono-
cultures was higher when soil slurry medium amended with compost. 
 
In case of bacterial mono-cultures, the degradation of CP was 32.4% and 
41.5% by the isolates RCC-2 and GCC-3 respectively, when amended with compost 
in soil slurry medium, after the incubation period of 10 days at room temperature. 
When amended with cow dung, the degradation of CP was 28.0% and 43.9% by the 
isolates RCC-2 and GCC-3 respectively. When amended with leaf-litter, the 
degradation of CP was 19.3% and 24.0% by the isolates RCC-2 and GCC-3 
respectively. When amended with crop residues, the degradation of CP was 15.0% 
and 16.2% by isolates RCC-2 and GCC-3 respectively, in soil slurry medium, after the 
incubation period of 10 days at room temperature. Therefore, it is clear that the 
biodegradation of CP by bacterial mono-cultures was higher when soil slurry medium 
amended with compost. Also, it is clear that the effect of organic amendments on 
bioremediation of ES and CP varied with type of bacterial mono-cultures used.  
 
In case bacterial mixed-cultures, the degradation of ES was 31.2, 27.2, 25.4 
and 14.0%, and that of CP was 24.2, 22.0, 19.9 and 14.8% when amended with 
compost, cow dung, leaf litter and crop residues respectively, by culture GCE345, 
after the incubation period of 10 days at room temperature.  The degradation of ES 
was 27.7, 24.4, 21.1 and 12.9%, and that of CP was 41.0, 38.8, 35.8 and 31.9% when 
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amended with compost, cow dung, leaf litter and crop residues respectively, by 
culture GCC134, after the incubation period of 10 days at room temperature. 
Therefore, it is clear that out of four organic amendments, viz. compost, cow dung, 
leaf litter and crop residues, the maximum degradation of ES and CP was observed 
when soil slurry medium inoculated with bacterial mixed-culture was amended with 
compost. 
 
Microbial activity is often stimulated by the addition of organic material to 
soil. Organic matter also improves many of the physical and chemical properties of 
soil such as the water holding capacity, aeration, pH, and ion exchange capacity 
(Brady and Weil, 1998). These properties influence the indigenous microbial 
populations and may enhance their ability to degrade hydrocarbons and other C-based 
contaminants (Wellman et. al., 2001). The incorporation of organic amendments 
affects soil enzyme activities because the added material may contain indoor extra-
cellular enzymes and may also stimulate soil microbial activity (Goyal et. al., 1993). 
Pesticides added to soil can persist for a year or more. Sometimes, the lack of 
sufficient readily decomposable organic matter in soil gives inadequate substrate to 
stimulate microorganisms in the decomposition of pesticides. The vigorous biological 
activity during composting can be used to accelerate or enhance the decomposition of 
pesticides in soil or deliberately to treat pesticide-contaminated materials. 
 
6.17 EFFECT OF SOIL MOISTURE ON BIOREMEDIATION OF ES AND CP 
In the present study, in case of bioremediation by bacterial mono-cultures, the 
degradation of ES was found to be 27.8% and 14.6%, and that of CP was 13.9% and 
8.9%, with and without sprinkling of sterile distilled water (SDW) respectively, by the 
isolate RCE-2, during incubation period of 10 days.  
 
The ES degradation was 19.7% and 13.2%, and that of CP was 15.0% and 
10.2%, with and without sprinkling of SDW respectively, by isolate GCE-4, during 
incubation period of 10 days. The degradation of ES was found to be 18.5% and 
13.5%, and that of CP was 35.2 and 20.5%, with and without sprinkling of SDW 
respectively, by isolate RCC-2, during incubation period of 10 days.  
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In case of isolate GCC-3, the degradation of ES was 21.4% and 12.7%, and 
that of CP was 36.5% and 23.0%, with and without sprinkling of SDW respectively, 
during incubation period of 10 days. Therefore, it is clear that the presence of 
moisture has positive effect on bioremediation of ES and CP by bacterial mono-
cultures. 
 
In case of bacterial mixed-cultures, the degradation of ES was found to be 
37.5% and 22.5%, and that of CP was 18.6% and 13.1%, with and without sprinkling 
of SDW respectively, by culture GCE345, during incubation period of 10 days. The 
degradation of ES was 20.5% and 16.8%, and that of CP was 38.8% and 19.4%, with 
and without sprinkling of SDW respectively, by culture GCC134, during incubation 
period of 10 days. 
 
In many previous studies of water stress effects on physiology, salts were 
added to soil slurries to show that the nitrification rates (Stark and Firestone, 1995) 
and 2,4-D degradation rates (Han and New, 1994) decreased with decreasing water 
potential. Adjusting the salt concentration of soil slurries or pure liquid cultures alters 
the solute component of water potential and may or may not also result in specific ion 
toxicity. Schnell and King (1996) reported that methane oxidation rates decreased 
with decreasing water potential when either salts (KCl or NaCl) or sugar (sucrose) 
were used to lower the solute or water potentials, respectively, of soil slurries.  
 
In whole soil, nutrient limitations at low water content will restrict microbial 
processes (Stark and Firestone, 1995; Schnell and King, 1996). The studies of 
methanotrophs showed that water stress affected methane oxidation rates similarly in 
liquid cultures and in whole soils (Schnell and King, 1996). Through its relationship 
to water film thickness (Taylor and Ashcroft, 1972), matric water potential affects the 
supply of gas and solution phase nutrients to microorganisms (Papendick and 
Campbell, 1981). Thus, matric water potential can serve as a unifying environmental 
determinant of unsaturated zone biodegradation. 
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6.18 ENZYMATIC CHANGES DURING PESTICIDE BIOREMEDIATION 
The enzymatic changes triggered during bioremediation of ES and CP was 
investigated by measuring the activity of three enzymes, viz. cellulase, dehydrogenase 
and protease. The activity of cellulase in soil inoculated with ES-specific bacterial 
mixed-culture (GCE345) was found to be reasonably higher in presence of higher 
concentration of ES compared to that of control, after 7 days of treatment duration. 
The significant increase in cellulase activity in presence of ES was found between the 
treatment duration of 7 to 14 days, and after that cellulase activity was found to be 
declining. It was also observed that the cellulase activity was highest in presence of 
ES (20 mg/10g soil), after 14 days of treatment duration, with bacterial mixed-culture 
GCE345.  
 
In case of soil inoculation with CP-specific bacterial mixed-culture (GCC134), 
cellulase activity was found to be slightly lowered in presence of CP during the course 
of treatment duration of three weeks. The increase in CP concentration as well as 
treatment duration lowered the cellulase activity; however, the most significant 
decline in cellulase activity was observed in presence of CP (20 mg/10g soil), after 21 
days of treatment duration with bacterial mixed-culture GCC134. 
 
When the experimental soil was inoculated with bacterial mixed-cultures 
(GCE345 and GCC134), cellulase activity was found to be slightly increasing till 14 
days of treatment in presence of both ES and CP. However, the increase in cellulase 
activity in presence of both ES and CP was found to be reasonably higher from 7th 
day of treatment to 14th day and following that it showed a declining trend till 21st day 
of treatment.  
The activity of dehydrogenase enzyme in the soil treated with ES and 
inoculated with bacterial mixed-culture GCE345 was found to be declining after 7th 
day of treatment and continued up to 21st day of treatment. However, the decline in 
the activity of dehydrogenase was slightly more rapid after 14th day of treatment in 
presence of ES. When soil was treated with different concentrations of CP and 
inoculated with bacterial mixed-culture GCC134, then the activity of dehydrogenase 
was found to be relatively lower in presence of CP (10mg/10g soil) after 7 days of 
treatment duration.   
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The activity of dehydrogenase in soil inoculated with bacterial mixed cultures 
(GCE345 and GCC134) was found to be declining in presence of both ES and CP, 
from 7th day of treatment to till 21st day. However, the decrease in dehydrogenase 
activity in presence of both ES and CP (20mg of each/10g soil) was found to be most 
rapid on 21st day of treatment.  
 
The activity of protease in soil inoculated with ES-specific bacterial mixed-
culture GCE345 was found to be reasonably higher in presence of lower concentration 
of ES (5mg/10g soil) compared to that at higher concentration of ES (20mg/10g soil), 
after the treatment duration of 14 days. The significant increase in protease activity in 
presence of lower concentration of ES was found between the treatment duration of 
14 to 21 days. It was also observed that the protease activity was highest in presence 
of 5mg ES/10g soil, after 21 days of treatment duration with bacterial mixed-culture 
GCE345.  
 
In case of soil inoculation with CP-specific bacterial mixed-culture GCC134, 
protease activity was found to be slightly lowered in presence of CP from day 1 to till 
21st day of treatment duration. The increase in CP concentration as well as treatment 
duration did not have much significant effect on the protease activity, however, the 
most significant reduction in protease activity was reported in presence of CP 
concentration of 20mg/10g soil, after 1 day of treatment duration compared to that of 
the control. 
 
When the experimental soil inoculated with bacterial mixed-cultures (GCE345 
and GCC134), protease activity was found to be increasing in presence of 5mg each 
of ES and CP per 10g of soil compared to control, from day 1 to till 21 days of 
treatment duration. However, in presence of 10mg each of ES and CP per 10g of soil, 
the decline in protease activity was less prominent compared to that with 20mg each 
of ES and CP per 10g of soil. Therefore, the reduction in protease activity in soil is 
reasonably significant at higher concentration of ES plus CP.  
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6.19 RELATIONSHIP AMONG EXAMINED PARAMETERS 
The scatter plot of ES degradation by bacterial mono-culture (JCE-4) in 
response to treatment duration in both N-broth and soil slurry showed a positive linear 
relationship. The higher values of correlation coefficient of pesticide degradation and 
treatment duration showed that the treatment duration of ES contaminated soil could 
significantly contribute towards an effective bioremediation process. However, the 
slightly lower value of correlation coefficient in case of treatment in soil slurry 
compared to that of N-broth indicated that presence of some nutrients in the 
remediation medium could enhance the remediation process.  
 
The scatter plot of CP degradation by bacterial mono-culture (GCC-3) in 
response to treatment duration in both N-broth and soil slurry showed a positive linear 
relationship. The values of correlation coefficient are highly significant and indicate 
that optimum treatment duration with bacterial monoculture could contribute 
significantly towards an effective bioremediation of CP. It is very clear from the 
values of correlation coefficient and scatter plot that the treatment duration has a 
significant role in bioremediation of both ES and CP. Notwithstanding, the effect of 
treatment duration was found to be slightly higher in for CP than for ES.   
 
The scatter plot of ES degradation by bacterial mono-culture (JCE-4) in 
response to culture volume in both N-broth and soil slurry showed a positive linear 
relationship. The higher values of correlation coefficient of pesticide degradation and 
culture volume showed that the optimum culture volume could significantly 
contribute towards an effective bioremediation of ES.  
 
The scatter plot of CP degradation by bacterial mono-culture (GCC-3) in 
response to culture volume in both N-broth and soil slurry showed a positive linear 
relationship. The values of correlation coefficient were highly significant and 
indicated a strong relationship between degradation of CP and culture volume. Thus, 
the optimization of culture volume could significantly contribute towards the 
development of an effective biotreatment process for CP bioremediation.   
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The scatter plot of ES degradation by bacterial mono-culture (JCE-4) in 
response to temperature in both N-broth and soil slurry showed a positive linear 
relationship without any outlier till the temperature reaches 35oC and thereafter two 
outliers were observed. Thus, the optimization of temperature near 35oC for the given 
bacterial monoculture could be an important factor for the effective bioremediation of 
ES. Also, the moderately high values of correlation coefficient of pesticide 
degradation and temperature showed that optimum temperature could significantly 
contribute towards an effective bioremediation of ES. 
 
The scatter plot of CP degradation by bacterial mono-culture (GCC-3) in 
response to temperature in both N-broth and soil slurry showed a positive linear 
relationship. The medium values of correlation coefficient showed slightly poor 
relationship between biodegradation of CP and temperature. Therefore, a very careful 
optimization of temperature would be required for an effective bioremediation of CP 
using the given bacterial monoculture.  
 
The scatter plot of ES degradation by bacterial mono-culture (JCE-4) in 
response to pH in both N-broth and soil slurry showed a positive linear relationship. 
The higher values of correlation coefficient for pesticide degradation and pH showed 
that the selection of organism specific pH value could significantly contribute towards 
an effective bioremediation of ES. 
 
The scatter plot of CP degradation by bacterial mono-culture (GCC-3) in 
response to pH showed a positive linear relationship in both N-broth and soil slurry 
media. The higher values of correlation coefficient for degradation of CP and pH 
showed that the selection of organism specific pH value would be very important 
factor for the effective bioremediation process of CP by employing such selected 
bacterial isolates. 
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6.20 STRATEGIES FOR EFFECTIVE BIOREMEDIATION OF  
         PESTICIDE-CONTAMINATED SOIL 
In the present study, the effect of biotic and abiotic factors for accelerated 
biodegradation of endosulfan as well as chlorpyrifos in soil slurry medium inoculated 
with different bacterial mono-cultures and mixed-cultures were investigated. An 
evaluation of bioremediation requires appraising the biodegradability of the target 
compound by referring to prior literature, demonstrating bio-treatability using actual 
site samples and/or demonstrating the bioremediation during pilot testing or full-scale 
remediation. The possible evaluation steps can be considered in a formal step-by-step 
evaluation process. 
 
The development of an effective bioremediation process for pesticides such as 
endosulfan and chlorpyrifos requires understanding of various parameters which 
affect the ultimate outcome of the process, in one way or other. The fate of pesticides 
in the soil depends upon many factors viz. pesticide types, pesticide structure, 
pesticide concentration, soil types, soil organic matter, soil moisture, soil pH, 
temperature, soil microbial biomass, interaction between soil microbes and pesticides, 
and so on. Considering these factors into account, an economical and eco-friendly 
design for an effective bioremediation of pesticide contaminated soil could be 
developed. The development of such bioremediation process could help to manage the 
menace of pesticide contamination of cultivated soil and thereby help to reduce and / 
or eliminate the entry of pesticides into the food chains. 
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7. CONCLUSIONS AND FUTURE PERSPECTIVES 
7.1 CONCLUSIONS
The contamination of ground water and soil with the pesticide formulations 
used to increase agricultural productivity is widely known. To reduce the problem of 
ground water contamination and subsequent entry of pesticides into the food chain, 
bioremediation could be a viable strategy. Bacteria capable of degrading various types 
of pesticides could be isolated from the contaminated-soils and cultured in the 
laboratory. The optimization of the culture conditions for individual bacterial isolate 
is important before using it for the purpose of bioremediation of pesticide-
contaminated soil. 
The salient conclusions drawn from the present investigation incorporating the 
effect of various bio-physiochemical parameters on bioremediation of endosulfan and 
chlorpyrifos are as listed below:  
(1) The survey on the pesticide-use pattern at the selected study sites showed that 
a major chunk of pesticides is being consumed in the cultivation of cotton 
followed by vegetables.
(2) The pesticide-resistant bacteria isolated, characterized and identified in the 
present study included Bacillus subtilis (RCE-2), Pseudomonas aeruginosa
(RCC-2), Arthrobacter sp. (JCE-4), Staphylococcus sp. (JCE-2),
Streptococcus sp. (JCC-3), Arthrobacter sp. (GCE-3), Pseudomonas putida
(GCE-4), Bacillus pumulus (GCE-5), Staphylococcus sp. (GCC-1),
Flavobacterium sp. (GCC-3) and Azomonas sp. (GCC-4).
(3) The viable counts of bacterial isolates were found to be higher in CP-treated 
samples than in ES-treated samples. In case of ES-treated samples, the viable 
count was in the order of 107 per gram of soil, while in case of chlorpyrifos it 
was 108 per gram of soil. When the soil samples were treated with both 
endosulfan and chlorpyrifos, the viable count was found to be in the order of 
106 per gram of soil. 
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(4) In case of salt rich LB and M9 media, bacterial monocultures showed higher 
growth in presence of pesticides compared to that in salt deficit N-agar media.  
The same trend in growth response was observed with that of bacterial mixed- 
cultures. 
(5) The optimum growth temperature for the bacterial isolates resistant to 
endosulfan and chlorpyrifos was between 25oC and 37oC. The optimum growth 
pH of the pesticide resistant bacterial isolates was between 7.0 and 8.0. 
(6) The effect of treatment duration, culture volume, temperature, pH, moisture, 
aeration and organic amendments on the degradation of endosulfan and 
chlorpyrifos was statistically significant, in case of both bacterial 
monocultures and mixed-cultures. 
(7) The degradation of endosulfan was found to be highest (60%) with isolate 
JCE-4 and lowest (48.6%) with isolate GCE-4, out of the four bacterial 
monocultures (RCE-2, GCE-4, GCE-5 and JCE-4) used, under the identical 
treatment regime, after 15 days of treatment duration in soil slurry medium.  
(8) Out of two bacterial mixed-cultures used, the degradation of endosulfan was 
found to be highest (67.2%) with culture GCE345 and lowest (32.4%) with 
culture GCC134, under the identical treatment regime after 15 days of 
treatment duration in soil slurry medium.  
(9) Out of four bacterial monocultures, viz. RCC-2, GCC-1, GCC-3 and JCC-2,
used for the bioremediation of chlorpyrifos, the degradation of chlorpyrifos 
was found to be highest (48.0%) with JCC-2  and lowest (26.7%) with GCC-1
under the identical treatment regime after 15 days of treatment duration in soil 
slurry medium.  
(10) In case of bacterial mixed-cultures used for the bioremediation of chlorpyrifos, 
the degradation of chlorpyrifos was found to be highest (59.9%) with GCC134
and lowest (33.6%) with GCE345 under the identical treatment regime after 15 
days of incubation in soil slurry medium.  
(11) Out of the four organic amendments viz. compost, cow dung, leaf-litter and 
crop residues used, the bacterial degradation of both ES and CP was found to 
be highest in presence of compost and lowest with crop residues.
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(12) The cellulase activity in soil inoculated with bacterial mixed-culture GCE345
in presence of ES was found to be highest after 14 days of incubation and 
thereafter a declining trend in the activity was observed. The effect of CP on 
cellulase activity was not significant.  
(13) The activity of dehydrogenase in soil inoculated with bacterial mixed-culture 
GCE345 in presence of ES followed a slightly declining trend with incubation 
period. The activity of dehydrogenase in soil inoculated with GCC134 in 
presence of CP followed a trend identical to that with ES. However, the 
combined presence of ES and CP significantly reduced the dehydrogenase 
activity in soil inoculated with GCE345 as well as GCC134, after 7 days of 
treatment duration.  
(14) The protease enzyme in soil inoculated with bacterial mixed-culture GCE345
showed an increased activity in presence of ES with the treatment duration. 
However, no significant change in the activity of protease was observed in the 
presence of CP.
(15) The use of mixed bacterial culture found to be more effective in degrading the 
technical grade ES and CP present in the soil microcosm, compared to that of 
bacterial mono-cultures. 
(16) The development of an effective bioremediation process for pesticides such as 
endosulfan and chlorpyrifos requires understanding of parameters like pesticide 
types, pesticide structure, pesticide concentration, soil organic matter,  soil 
moisture, soil pH, soil temperature, pesticide-resistant soil microbial 
populations, etc., which affect the ultimate outcome of the process, in one way 
or the other. 

7.2 FUTURE PERSPECTIVES
The existence of pesticide residues in our environment greatly affects the 
quality of life. Amongst other environmental components, soil is the largest reservoir 
of pesticides. The analysis for pesticide residues in soil would be useful in assuring 
the food and health security of mankind and soil quality as well.  
The use of bacteria for bioremediation of endosulfan and chlorpyrifos requires 
an understanding of all physical and biochemical aspects involved in biochemical 
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transformations. Future research should be focused on elucidation of the specific 
mechanisms by which the pesticides like ES and CP are being metabolized by the 
native bacterial populations. The mechanisms of transport of ES and CP into the 
bacterial cells, degradation pathways and induction and regulation of degrading 
enzymes should be studied. The future research should also be focused on the enzyme 
systems and the location of genes involved in the degradation of the ES and CP. 
Laboratory and field studies should be conducted on the practical use of native 
bacterial isolates in the remediation of ES and CP contaminated soils to get the real 
bonanza of bioremediation technology. 
The technique of biomolecular engineering should be exploited to improve the 
capabilities of the bacteria or enzymes in bioremediation systems. The development 
of genetically engineered bacteria with enhanced capabilities to degrade different 
types of pesticides under field conditions could be created by bimolecular 
engineering. The future research should investigate the pesticide bioremediation 
potential of recombinant as well as indigenous bacteria with and without supplements. 
The efforts must be directed towards faster and economic restoration of pesticide-
contaminated soil to secure the soil quality and food and health of mankind. 
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results indicate pesticides are readily available and widely used in crop cultivation. The
most widely used pesticides were mancozeb, imidacloprid, copper-oxychloride, chlorpyrifos,
endosulfan, monocrotophos and quinolphos. The crop in which highest number of pesticide
formulations consumed was cotton followed by vegetables, groundnut and gingelly. Overall
study shows that the pesticides were badly chosen and farmers did not wear suitable personal
protection while spraying pesticides. Excessive use and inappropriate handling of pesticides
cause damages of environmental resources and different health related problems. Therefore,
pesticide use patterns among farmers in Rajkot need improvement. The present study can
help to develop strategies for avoiding negative impact of pesticide misuse and promoting
sustainable development.
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INTRODUCTION
Rajkot district of Gujarat State in India covers
about 11203 sq. km and has a population of about
3.16 million citizens (as per Census 2001). Of
these people, 45.31% live in rural areas [1].
Although Rajkot is the highly industrialized,
however about 64% of the geographical area is
under cultivation. Agricultural contribution to
the total GDP was approximately 16 % in 2007-
08 [2]. In recent years, concern has been growing
that improper agro-chemical use can create
hazards for humans and the environment [3]. The
amount of pesticides consumed during 2005-06
was 2700 metric tons in the Gujarat State, while
at country level it was 42000 MT of active
ingredients [4]. The heavy use of pesticides has
resulted in various negative effects on health and
environment. Exposure to pesticides both
occupationally and environmentally causes a
range of human health problems [5].
.
Pesticides being used in agricultural tracts are
released into the environment and come into
human contact directly or indirectly. Humans are
exposed to pesticides found in environmental
media (soil, water, air and food) by different
routes of exposure such as inhalation, ingestion
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and dermal contact. Exposure to pesticides
results in acute and chronic health problems.
These range from temporary acute effects like
irritation of eyes, excessive salivation to chronic
diseases like cancer, reproductive and
developmental disorders etc. [6,7]. Therefore,
specific studies dealing with the agricultural
practices of the farmers regarding pesticide use
and its environmental and health impacts are
needed to make informed policy decisions to
bring about desired changes in the agricultural
practices [8-10]. Present study aimed to look into
the various aspects of pesticide use in agriculture
and its impact on environment and human health,
based on survey conducted among the farmers
of Rajkot.
MATERIALS AND METHODS
Study area: The present study mainly aimed the
farmers of Rajkot district of the Gujarat State.
Rajkot is ranked first in the production of cotton
and second in the production of groundnut,
onions and spices in the State. The other crops
cultivated in the district include wheat, pulses,
sugarcane chilli, cauliflower, cabbage, brinjal,
and some other vegetables. After consulting
agricultural authorities and studying the intensity
of agricultural activities, three Talukas namely
Rajkot Taluka, Gondal Taluka and Jetpur Taluka
of the Rajkot district were selected for the study.
Interview questionnaire: The interview
questionnaire was developed to extract the details
on land holding, crop-wise use pattern of
cultivated land, pesticides availability, pesticide
utilization, frequency of pesticide application,
and pesticide practices. The pesticide storage
practices followed by the farmers were also
investigated. The details collected were as self-
reported by the farmers. The outmost care was
taken to elicit the information only from such
farmers who are actively involved in the act of
cultivation.
Data collection: The data were collected by
means of a structured questionnaire administered
via personal interviews. The interviewers were
given orientation regarding various aspects of
the questionnaire. Three different Talukas were
randomly selected for conducting the survey. The
sample size of 30 was decided for each Taluka.
The farmers were informed about the purpose
of the study and the interviewers obtained verbal
consent from them before proceeding with the
interviews. The interviews were conducted in the
local language i.e. Gujarati. Each interview took
about 40-50 minutes to be completed. The
completed interviews were collected at the end
of each day, checked, coded and stored for the
further use and analysis.
Data classification and analysis: The collected
data were entered in the MS-Excel worksheet,
cleaned, classified and used for the further
analysis. The statistical features available with
the MS-Excel were utilized for the analysis of
data. The analyzed data were used to prepare
result tables and graphs and to draw useful
conclusions.
RESULTS
Background of participants: In this study, 90
randomly selected farmers, 30 each from three
different Taluka of Rajkot district, voluntarily
participated. Majority of the participants had
finished primary education (40.00 %) or had
received no formal education (34.44 %). All
farmers reported growing more than one type of
crop; however cotton was found to be the major
produce, followed by groundnut, vegetables,
gingelly, and spices (Table 1).
Variable Number (%)
Level of education
No education 31 (34.44)
Primary education 36 (40.00)
Secondary education 15 (16.66)
Graduation 06 (06.66)
Post-graduation 02 (02.22)
Crops grown
Cotton 88 (97.77)
Groundnut 55 (61.11)
Vegetables 22 (24.44)
Others 13 (14.44)
Table 1: General information about the farmers participated
in the survey
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Types of pesticides used and their toxicity
class: The majority of the farmers reported using
synthetic pesticide formulations as crop
protection agents against various pests and
pathogens. Various chemical formulations were
reported to be frequently used in the crop
production. Farmers used to recognize the
pesticides by their trade names and were not
aware about the chemical names. The most
frequently used pesticides were insecticides,
followed by fungicides and herbicides. Some of
the pesticides were extremely hazardous or
highly hazardous, according to World Health
Organization. The most widely used insecticide
was imidacloprid followed by monocrotophos,
endosulfan, cypermethrin, quinalphos and
chlorpyrifos. The popular herbicides were
glyphosate and pendimethalin, whereas
mancozeb, hexaconazole and copper oxych-
loride were frequently used fungicides (Table 2).
Most of these pesticides belong to highly
hazardous to moderately hazardous category of
toxicity class defined by WHO (2004). It was
also found that the crop in which multiple
formulations of pesticides are consumed was
cotton followed by vegetables, groundnut and
gingelly.
Pesticides availability and storage: Most of the
pesticides were readily available for purchase by
the farmers. The farmers reported obtaining
pesticides from more than one sources. The
primary source of pesticides in the study area
was the agrochemical shops in the local markets
(47.77%), while agrochemical shops in the
municipal markets accounted for 35.55%
Pesticide group /
Common name
Chemical family Toxicity class* No. of farmers
using it (%)
Insecticides
Endosulfan Organochlorine II 29 (32.22)
Imidacloprid Neonicotinoid II 67 (74.44)
BHC powder Organochlorine II 03 (3.33)
Chlorpyrifos Organophosphate II 22 (24.44)
Monocrotophos Organophosphate Ib 55 (61.11)
Quinalphos Organophosphate II 26 (28.88)
λ-cyhalothrin Pyrethroid II 05 (5.55)
Cypermethrin Synthetic pyrethroid II 26 (28.88)
Profenofos Organophosphorus II 23 (25.55)
Ethion / Diethion Organophosphate II 09 (10.00)
Phosphamidon Organophosphorus Ia 08 (8.88)
Fenvalerate Pyrethroid II 12 (13.33)
Methomyl Carbamate Ib 06 (6.66)
Demicron Organophosphorus Unknown 02 (2.22)
Nuvacron Organophosphate Unknown 04 (4.44)
Indoxacarb Oxadiazine Unknown 08 (8.88)
Fenpropathrin Pyrethroid II 06 (6.66)
Folidol (Parathion) Organophosphate Ia 07 (7.77)
Rogor Organophosphate Unknown 11 (12.22)
Fungicides
Mancozeb Carbamates Unknown 74 (82.22)
Carbendazim Benzimidazole carbamate U 07 (7.77)
Hexaconazole Azole U 38 (42.22)
Bavistin Benzimidazole U 13 (14.44)
Copper oxychloride Inorganic-Copper III 46 (51.11)
Thiram Dimethyl dithiocarbamate III 04 (4.44)
Propineb Dithiocarbamate U 05 (5.55)
Herbicides
Glyphosate N-(phophonomethyl) glycine U 58 (64.44)
Pendimethalin III 41 (45.55)
Oxiflorephane 03 (3.33)
Table 2: Types of pesticides used in the study area and their toxicity class.
Sumit Kumar
* Toxicity class of pesticides as classified by the World Health Organization (2004), where Ia: extremely hazardous; Ib:
Highly hazardous; II: moderately hazardous; III: slightly hazardous; U: unlikely to present acute hazard in normal use
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purchase of pesticides. The farmers were found
to be very casual in terms of pesticide storage.
Pesticides were found to be stored at different
sites. Most of the farmers stored pesticides
outside their house (63.33%) along with
fertilizers and farm equipments. However,
27.77% of the farmers stored pesticides inside
their house (Table 3).
Sources of information about pesticide use:
The major sources of information about the use
of pesticides were reported as television and
radio broadcastings (34.44%) followed by
neighbors (32.22%). The other sources of
information about pesticide use were leaflets and
pamphlets made available from agrochemical
shops (18.88%), village leaders (14.44%),
agriculture officers employed by the government
(6.66%) and sales’ representatives from
agrochemical companies (4.44%) (Table 4).
Pesticide application and practices: All the
farmers reported use of sprayers for pesticide
application. Preventive spraying once or twice
per season was the most commonly mentioned
frequency of pesticide application (44.44 %).
About 20 % of the farmers reported spraying of
pesticides depending on pest manifestation.
Some farmers sprayed once or twice per month,
while some others had to resort three to four
times a month. Only a small fraction of farmers
(3.33 %) sprayed pesticides once a week (Table
5). Amongst 90 farmers from three talukas of
Rajkot district who reported using pesticides,
about 86.66% said they read the labels on
pesticide containers. However, not everyone paid
attention to every detail of the contents, with the
majority only on directions (46.66 %) and
cautions (24.44 %). More than 60% of the
Variable Number (%)
Sources of pesticide
 Agrochemical shops in the community 11 (12.22)
 Village leaders 04 (4.44)
 Agrochemical shops in the local markets 43 (47.77)
 Agrochemical shops in the municipal markets 32 (35.55)
Storage site
 At farm site, away from house 08 (8.88)
 Outside the house 57 (63.33)
Inside the house 25 (27.77)
Table 3: Sources of pesticide and its storage practices
Sources of information Number (%)
Television & Radio broadcastings 31 (34.44)
Leaflets & pamphlets made available
from agrochemical shops
17 (18.88)
Sale’s representatives from
agrochemical companies
4 (4.44)
Agriculture officers employed
by government
6 (6.66)
Neighbours 29 (32.22)
Village leaders 13 (14.44)
Table 4: Sources of information about pesticide use
Frequency of pesticide application (MAP*) Number (%)
Once or twice per season 40 (44.44)
Once or twice per month 16 (17.77)
Three or four times a month 13 (14.44)
Once a week 03 (03.33)
Depending on pest manifestation 18 (20.00)
Table-5: Frequency of pesticide application.
Variable Number (%)
Label reading
All details on label 14 (15.55)
  Directions only 42 (46.66)
Cautions only 22 (24.44)
As directed by neighbours /pesticide sellers 12 (13.33)
Personal protection (MAP*)
Mouth and nose cover 61 (67.77)
Boots 19 (21.11)
Gloves 34 (37.77)
Long-sleeves shirt 17 (18.88)
Considering wind condition while spraying 28 (31.11)
Having a bath after handling 07 (7.77)
Disposal of empty pesticide containers
Selling them to hawkers 71 (78.88)
  Using them at home 14 (15.55)
Leaving them randomly at field / home 05 (5.55)
Table-6: Pesticide use practices followed by the farmers.
* MAP: Multiple answers possible
* MAP: Multiple answers possible
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farmers used at least one kind of personal
protection while spraying pesticides. The most
frequently used protection included mouth and
nose cover followed by gloves. About 31 % of
the farmers took wind condition into account
while spraying the pesticides. Only about 8 %
reported having bath after pesticide spraying.
Surprisingly, none of the farmers completely
protected their respiratory system, head, eyes and
hands as per the concept of personal protection.
The reason behind this poor protection was found
to be the lack of awareness of pesticide hazards.
The majority of the farmers (78.88%) reported
selling the empty pesticide containers to
hawkers. About 15% of farmers kept the empty
containers for various uses at home, while about
5% left the containers randomly at field or home
without any attention towards their proper
disposal (Table 6).
Crop wise pesticide use pattern: The
qualitative survey on pesticide use pattern
showed that the crop in which most of the
formulations of pesticides were consumed was
cotton (35%) followed by vegetables (30%) and
groundnut (25%). The number of pesticide form-
ulations applied on cereals was fewer (Fig. 1).
DISCUSSION
The present study had several limitations as it
was conducted on a small group of farmers in
Rajkot. Therefore, generalizations of these
results to the country level should be done with
extreme care. The results of this survey indicate
that a variety of pesticide formulations were used
in the area. The use of highly and moderately
hazardous pesticides was observed. Amongst the
pesticides, insecticides were the most frequently
mentioned, followed by fungicides and
herbicides. The crop in which most of the formul-
ations of pesticides were consumed was cotton,
followed by vegetables and groundnut. The
preventive applications of pesticides may be due
to lack knowledge about pesticide application.
Personal protective equipment and personal
hygiene were inappropriate and insufficient. The
Sumit Kumar
Fig. 1: Cropwise use pattern of different formulations of pesticides
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farmers mainly focus on covering their mouth
and nose while spraying the pesticides. The main
reason for inadequate protective equipment was
observed as lack of awareness about the concept
of protective measures. The disposal of empty
pesticide containers was found inappropriate and
careless. The accidental release of pesticides can
lead to environment contamination and health
hazards. The results from this survey pointed
toward the need for a comprehensive intervention
to change the pesticide use pattern in the study
area.
REFERENCES
[1] Rajkot District Collectorate, Socio Economic
Profile (2006-07).
[2] Rajkot District Collectorate, Directorate of
Agriculture (2006-07).
[3] Plianbangchang, P., Jetiyanon, K. and Wittaya-
areekul, S.: Southeast Asian J. Trop Med Pub.
Health, 40, (2): 401-410 (2009).
[4] Horrigan, L, Lawrence, R.S. and Walker, P.: How
sustainable agriculture can address the
environmental and human heath harms of
industrial agriculture. Environ. Health Perspect.,
110 (5): 445-456 (2002).
[5] The Energyand Resources Institute, India, http:/
/www.teri.res.in/teriin/news/terivsn/issue 31
pesticid.htm
[6] Gupta P K. Pesticide exposure – Indian scene,
Toxicology, 198: 83-90 (2004).
[7] Government of India. Tenth five-year plan: 2002-
2007. Planning Commission of India, New Delhi,
2001.513–566.http://planningcommission.nic.in/
plans/planrel/fiveyr/welcome.html
[8] Yassi,A, Kjellstrom. T, Kok.T.K., Gudotli.T.L.
Basic Environmental Health, World Health
Organization, Oxford University Press (2001).
[9] ICMR Bulletin, Pesticide pollution: Trends and
perspective, vol.31, No. 9 (2001).
[10] Hamely, P.Y., Ann. Occup. Hyg., vol. 45, No.
101, pp S69-S79 (2001).
33
Electronic Journal of Environmental Sciences Vol. 3, 33-38 (2010)
ISSN: 0973-9505 (Available online at www.tcrjournals.com) Original Article
PHYSICOCHEMICAL PROPERTIES OF CULTIVATED SOILS
AND THEIR EFFECT ON NATIVE ENDOSULFAN
TOLERANT BACTERIA
SUMIT KUMAR
Biotechnology Department, V.V.P. Engineering College, Saurashtra University, Rajkot 360 006
E-mail: btsumit@gmail.com
Received: July 1, 2010; Accepted: July 25, 2010
Abstract: The present study aimed to investigate the effects of soil physicochemical
properties viz. bulk density, porosity, soil moisture, soil pH, electrical conductivity, organic
carbon, organic nitrogen and available phosphorus, on the population of native
endosulfan-tolerant bacteria in the cultivated soils of Rajkot district of Gujarat. The soil
physical properties like bulk density and electrical conductivity did not affect significantly
to native endosulfan-tolerant bacterial density, while the effect of porosity and soil
moisture was found to be quite significant. Similarly, the soil chemical properties like
pH had little effect on the abundance of endosulfan-tolerant bacteria in the soil. However,
the impact of soil organic carbon, organic nitrogen and available phosphorus was very
significant. The results of the present study can be utilized for the development of effective
bioremediation process for pesticide-contaminated soil.
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INTRODUCTION
In agricultural soil microorganisms are known
to exert profound influences on the status of soil
fertility, in particular on the availability of plant
nutrients, and play an important role in nitrogen
cycling, nitrogen fixation and mineralization
processes in all ecosystems. Applying organic
amendments has been shown to increase soil
microbial activity, microbial diversity, and
bacterial densities. The soil microbial biomass
is fundamental to maintain the soil functions
because it represents the main source of soil
enzymes that regulate transformation processes
of elements in soils, and it has been suggested
as possible indicator of soil environment quality
and is employed in national and international
monitoring programs [1].
Intensification of land use practices has resulted
in a widely documented reduction in soil quality
and productivity. High inputs of inorganic
fertilizers and pesticides not only are expensive
and habitat damaging but can also cause changes
in soil bacterial and fungal densities, suppression
or promotion of microbial growth and activity,
and detectable shifts in microbial community
structure. These changes may ultimately
contribute to a loss of diversity and/or function
within the soil microbial community [2].
The diversity and composition of soil bacterial
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communities is thought to have a direct influence
on a wide range of ecosystem processes. Soil
microbial communities influence nutrient
cycling and aggregation processes. Measuring
microbial biomass activity may be very useful
to evaluate the effects of organic management
on soil. Soil microorganisms live in complex
communities and are responsible for the principal
mineralization reactions that recycle important
nutrients and degrade environmental pollutants.
The availability of carbon and water strongly
governs the activities of specific microbial
populations and functions [3-6].
In modern agriculture, pesticides are frequently
used in the field to increase crop production.
Besides combating insect pests, insecticides also
affect the population and activity of beneficial
microbial communities in soil. Soil microbes had
different response to types of insecticides. Long-
term cropping systems and nitrogen fertilizer can
influence important soil properties such as soil
structure and density, soil pH, the quantity,
quality and distribution of soil organic matter
and of nutrient cycles within the soil profile.
Inorganic nitrogen fertilizer can have significant
effect on soil microorganisms and enzymes.
Changes in soil microorganisms may have an
important effect on the productivity of soil, since
they influence the crop production by acting as
catalyst for bio-transformations. An
understanding of microbial processes is
important for an effective management of
farming systems [7,8].
The cultivated soils suffer physical degradation,
such as erosion and compaction; chemical
degradation due to acidification, nutrient deple-
tion and overuse of pesticides and fertilizers; and
biological degradation by organic matter
depletion and loss of biodiversity. The produc-
tivity of agricultural systems is known to depend
greatly upon the functional processes of soil
microbial communities. The management of soils
may have a great impact upon the overall health
of these communities, with organic and regene-
rative approaches being widely regarded as
conferring a positive effect upon soil biology.
Soils harbor highly diverse bacterial
communities. Analysis of the physiological
activity of soil bacteria may reveal important
information about soil quality which may go
undetected by physicochemical analysis, because
soil bacterial activity responds differently to
impacts than do physicochemical parameters.
Extensive studies demonstrated perturbation of
microbial community equilibrium populations by
changes in environmental conditions and soil
management practices. Understanding microbial
community structure shifts following
implementation of various land use and
management systems may lead to development
of best management practices for agro-
ecosystems [9-12].
The objectives of this study were to examine the
soil physicochemical properties influencing
native endosulfan-tolerant bacterial density in the
cultivated soil and to ascertain which physical
and chemical properties of soil significantly
influence the soil endosulfan-tolerant bacterial
population.
MATERIALS AND METHODS
Selection of study sites: The cotton, groundnut
and vegetables cultivated lands of three different
talukas (administrative blocks) viz. Rajkot,
Gondal and Jetpur were selected as study sites.
The criteria used to select these study sites were
that the sites had extensive cultivation of cotton,
groundnut and vegetables, and the known history
of repeated use of endosulfan as pesticide.
Collection and storage of soil samples: The soil
samples were collected from the agricultural
fields growing mainly cotton, groundnut and
vegetables. A total of 30 composite soil samples
were collected randomly, 10 samples from each
of the three taluka. The soil samples were
collected by using auger up to a depth of 15 cm.
The collected samples were air dried, grinded,
passed through 2 mm sieve and stored in the
sealed plastic bags at room temperature. These
stored samples were used for further experim-
entation.
Soil physicochemical analysis: The important
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physicochemical properties of soil, viz. bulk
density, porosity, soil moisture, soil pH, electrical
conductivity, organic carbon, organic nitrogen
and available phosphorus were determined. The
Bulk Density of soil was measured by taking an
undisturbed block of soil. This block of soil was
dried at 105 oC for 24 hours. The dried sample
was then weighed in an electronic balance. The
exact volume of soil was determined by
measuring the cylinder volume. The bulk density
was calculated using the following equation:
By knowing both the bulk density and particle
density the amount of pore space or porosity of
the soil can be calculated using the following
equation:
Where, particle density refers to the ratio of mass
of dry soil to volume of air dried soil. The soil
moisture (%) was measured by gravimetric
method. The soil pH was determined for a system
of 10 g soil mixed with boiling distilled water
(40 mL) in the ratio of 1:5. By using a standard
digital pH meter, the pH of the clear layer was
measured three times and an average of these
three readings was taken to minimize the error.
The electrical conductivity was measured in the
same way as that of pH but by using a
conductivity meter equipped with HACH sensor.
The organic carbon of the soil was measured by
standard titrimetric method using potassium
dichromate, sulfuric acid, ortho-phosphoric acid
and ferrous ammonium sulfate. Soil organic
nitrogen was calculated using following
equation:
The soil phosphorus is extracted from the soil
using Bray No. 1 solution and measured
calorimetrically based on the reaction with
ammonium molybdate and development of the
‘Molybdenum Blue’ colour. The absorbance of
the compound is measured at 882 nm in a
spectrophotometer and is directly proportional
to the amount of phosphorus extracted from the
soil (Bray, 1945).
Soil bacterial density analysis: The endosulfan-
tolerant bacterial population per gram of soil, in
terms of colony forming units (CFUs), was
determined using viable plate count technique.
One gram of soil was properly dissolved in 9 ml
of sterile distilled water and diluted to 10-3 and
10-5 using the sterile distilled water. From these
two dilutions, 0.1 ml portion was used to spread
the agar plates containing endosulfan 10 mg/L.
The plates were incubated at room temperature
for 48 hours. Also, N-agar plates not
supplemented with endosulfan were used as
control to determine the total bacterial count in
the untreated soil. The bacterial cells visible to
the naked eyes were counted in terms of CFUs.
All the plating was performed in triplicates and
results were represented as mean. The viable
count was obtained from this value by reference
to the serial dilution used.
Statistical analysis: The data obtained on soil
physicochemical properties and endosulfan-
tolerant bacterial density were entered in the MS-
Excel worksheet, classified and used for the
further analysis. The statistical features available
with the MS-Excel were utilized for the analysis
of data. The analyzed data were used to prepare
result tables and graphs and to draw useful
conclusions.
RESULTS AND DISCUSSION
Soil physicochemical properties: Soil proper-
ties like organic matter, N-P-K status, pH,
electrical conductivity, etc. affect the density and
diversity of bacteria in the soil. Therefore, it is
important to study the relation between soil
physicochemical properties and abundance of
native pesticide-tolerant bacteria. The moisture
content in soil acts as solvent and is essential for
microbial functioning. A certain minimum level
of organic matter and N, P and K nutrients is
essential to ensure the presence of an active
microbial population in the soil. In the present
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Physicochemical properties of soil samples (Mean ± SD), Sample size = 10 (from each plot)
Sample
Code
Bulk Density
(g/cc)
Porosity
(%)
Soil Moisture
(%)
E. C.
(mS/cm) Soil pH
O. C.
(g/Kg)
O. N.
(g/Kg)
A. P.
(mg/Kg)
RCS-2 0.995 ± 0.101 57.451 ± 2.771 23.970 ± 3.270 0.619 ± 0.045 8.160 ± 0.541 5.178 ± 0.069 0.532 ± 0.066 13.721 ± 1.296
GCS-2 0.934 ± 0.123 64.066 ± 4.733 52.734 ± 7.195 0.557 ± 0.041 7.344 ± 0.487 6.058 ± 0.081 0.654 ± 0.082 16.877 ± 1.594
JCS-8 1.013 ± 0.115 61.023 ± 4.406 50.811 ± 2268 0.653 ± 0.052 7.808 ± 0.416 6.669 ± 0.397 0.697 ± 0.061 36.764 ± 2.887
Table-1: Important physicochemical properties of cultivated soils of Rajkot. Note: E.C. = Electrical Conductivity, O.
C. = Organic Carbon, O.N. = Organic Nitrogen, A.P. = Available Phosphorus.
Bacterial density
(CFU/g soil) Soil physical properties Soil chemical properties
Total ES-tolerant(10 mg/L)
Bulk density
(g/cc) Porosity (%)
Soil moisture
(%)
E.C.
(mS/cm) Soil pH
Organic C
(g/Kg)
Organic
N (g/Kg)
Available P
(mg/Kg)
2.00 x 1010 4.51 x 107 0.995 57.451 23.970 0.619 8.160 5.178 0.532 13.721
2.19 x 1010 4.91 x 107 0.934 64.066 52.734 0.557 7.344 6.058 0.654 16.877
2.33 x 1010 5.18 x 107 1.013 61.023 50.811 0.653 7.808 6.669 0.697 36.764
Table-2: Density of endosulfan-tolerant bacteria in relation to soil physicochemical properties
study, the important physicochemical properties
of the soils, used for the evaluation of endo-
sulfan-tolerant bacterial density, were determ-
ined. The results indicated that the soil physico-
chemical properties varied considerably with the
sampling sites. The results of the soil physi-
cochemical properties are as given in Table-1.
Endosulfan-tolerant bacterial density in
relation to soil physical properties: The
effect of some important soil physical properties
viz. bulk density, porosity, soil moisture and
electrical conductivity, on the population of
native endosulfan-tolerant bacteria in the
cultivated soils, was investigated. The soil
physical properties like bulk density and
electrical conductivity did not affect significantly
to native endosulfan-tolerant bacterial density,
because the R-square value for correlation
between bulk density and bacterial density was
found to very less, i.e. 0.007 and that between
electrical conductivity and bacterial density was
0.050 (Table-2 and Figs.1a,1d). The soil porosity
was found to be weakly correlated with native
endosulfan-tolerant bacterial density, with a R-
square value of 0.415 and the soil moisture
showed strong correlation with a R-square value
of 0.808. The total bacterial population per gram
of soil was found to be in the order of 1010, while
it was only in the order of 107 in case of
endosulfan-tolerant bacteria (Table-2 and  Figs.
1b 1c). Therefore, the proper management of
cultivated soil by a good tillage practice and
adequate irrigation facilities can help to increase
the pesticide degrading native bacterial
population in the cultivated soil.
Endosulfan-tolerant bacterial density in
relation to soil chemical properties: The
relation between some selected soil chemical
properties and population of native endosulfan-
tolerant bacteria in the cultivated soils was
investigated. The soil properties like pH had little
effect on the abundance of endosulfan-
tolerantbacteria in the soil, with a R-square value
of 0.295. However, the impact of soil organic
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carbon, organic nitrogen and available
phosphorus was found to be very significant. The
R-square value of 0.999 between soil organic
carbon and bacterial density showed very strong
correlation. The correlation between soil organic
nitrogen and bacterial density yielded R-square
value of 0.980, which too showed strong
correlation between the parameters. The R-
square value of 0.746 between available
phosphorus and endosulfan-tolerant bacterial
density showed strong relation between the
parameters (Table-2 and Figs.-2b-d). Therefore,
the effective management of soil chemical
properties with proper application of fertilizers
and adequate soil nutrient management by crop
rotations can have positive impact on the native
endosulfan-tolerant bacterial density, which in
turn can help in the catabolism and recycling of
applied pesticides in the cultivated soil.
CONCLUSION
The present study showed that the soil
physicochemical properties influence the
abundance of native bacteria in the cultivated
soil. Particularly, the effect of soil porosity, soil
moisture, soil organic carbon, organic nitrogen
and available phosphorus, on the density of
endosulfan-tolerant bacteria in the soil, was very
significant. Therefore, an effective management
of soil by tillage, crop rotation, proper
fertilization and nutrient recycling can have
positive impact on the pesticide-tolerant bacterial
population in the soil. These findings are useful
for the development of effective bioremediation
process for pesticide-contaminated soil.
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Abstract: The present study investigated the effect of various soil physicochemical
properties on the native chlorpyrifos-tolerant bacterial density in the cultivated soils of
Rajkot district of Gujarat. Out of the four soil physical properties considered, bulk
density showed negative correlation while the rest three viz. porosity, soil moisture and
electrical conductivity showed positive correlation. However, except soil moisture (R2 =
0.625), none of the soil physical properties showed significant effect on chlorpyrifos-
tolerant bacterial density, as indicated by their lower values of R-square. Similarly, out
of four soil chemical properties examined, only pH showed negative correlation and the
remaining three viz. organic C, organic N and available P showed positive correlation.
Except soil pH, the three other chemical properties of soil showed very significant effect
on the abundance of chlorpyrifos-tolerant bacteria in the soil. The results of the present
study can be utilized for the development of effective bioremediation process for
chlorpyrifos-contaminated soil.
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INTRODUCTION
In modern agriculture, pesticides are frequently
used in the field to increase crop production.
Besides combating insect pests, insecticides also
affect the population and activity of beneficial
microbial communities in soil. The effect of
insecticides on soil microbial communities was
variable with insecticide types, their doses and
field conditions. Soil microbes had different
response to types of insecticides [1]. Pesticides
have made a great impact on human health,
production and preservation of foods, fibre and
other cash crops by controlling disease vectors
and by keeping in check many species of
unwanted insects and plants. More than 55% of
the land used for agricultural production in
developing countries uses about 26% of the total
pesticides produced in the world. However the
rate of increase in the use of pesticides in
developing countries is considerably higher than
that of the developed countries. Pesticides are
necessary to protect crops and losses that may
amount to about 45% of total food production
world wide [2].
Chlorpyrifos [O,O-diethyl O-(3,5,6-trichloro-2-
pyridyl) phosphorothioate] is used worldwide as

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an agricultural insecticide. Its environmental fate
has been studied extensively, and the reported
half-life in soil varies from 10 to 120 days, with
3,5,6-trichloro-2-pyridinol (TCP) as the major
degradation product. This large variation in half-
life has been attributed to variation in factors such
as pH, temperature, moisture content, organic
carbon content, and pesticide formulation [3]. The
manufacture and formulation process of
chlorpyrifos generates waste that contains the
compound, and this has to be treated by
physicochemical and biological means [4].
The pesticides reach soil by one way or the other.
Although pesticides may not be universally toxic
to all species of microorganisms, they have the
potential of disturbing microbial events/activities
in the environment, polluted by these chemicals
[5]. Pesticides contaminate soil environment
resulting in alterations in the equilibrium of soil
processes for shorter or longer periods. The
observed changes in the soil activity depend on
the intensity and spectrum of activity as well as
persistence of the parent chemicals or its
metabolites. Pesticides might affect microor-
ganisms by reducing their numbers, biochemical
activity, diversity and changing the microbial
community structure [6].
Soil components may also influence the
distribution and activity of microorganisms. In the
soil, the preferential zones of microbial activity
are associated with sites where fresh
decomposable organic matter is released in soils,
i.e. the root environment and organic fragments
from litter fall or crop residues [7]. Biological
activities in soils drive many of the key ecosystem
processes that govern the global system,
especially in the cycling of elements such as
carbon, nitrogen and phosphorus. An under-
standing of the linkages between soil biodiversity
and the processes of C and N cycling is essential
given the potential impact of both natural events
and human activity on soil communities [8].
Since pesticides are very toxic by design, they
have the potential to adversely impact on
ecosystem health. Organophosphorous (OP)
insecticides such as parathion, methamidophos
and chlorpyrifos are a group of highly toxic
agricultural chemicals widely used in plant
protection. The contamination of soil by these
pesticides may lead to occasional contamination
of a wide range of water and terrestrial
ecosystems. Extensive use of chlorpyrifos conta-
minates air, ground water, rivers and lakes [9].
The fate of the pesticides in the soil environment
in respect of pest control efficacy; non-target
organism exposure and offsite mobility has
become a matter of environmental concern
potentially because of the adverse effects of
pesticidal chemicals on soil microorganisms may
affect soil fertility [10].
The present study aimed to investigate the effect
of soil physicochemical properties on the
chlorpyrifos-tolerant bacterial density in the
cultivated soil contaminated with chlorpyrifos.
MATERIALS AND METHODS
Study sites, sample collection and storage:
Three different talukas (administrative blocks)
viz. Rajkot, Gondal and Jetpur were selected.
These study sites were selected on the criteria
that they had extensive cultivation of cotton,
groundnut and vegetables and the known history
of repeated use of chlorpyrifos as pesticide.
The soil samples were taken randomly by using
a soil auger from 10-12 places from the same
field and mixed thoroughly to get one composite
sample. The soil samples were collected by using
auger up to a depth of 15 cm. Plant material,
debris and larger sized gravels were removed
from the sample by hand and the soil was sieved
using 2 mm mesh. A total of 30 composite
samples were collected, 10 samples from each
of the three taluka. The collected samples were
stored in the sealed plastic bags at room
temperature. These stored samples were used
for further experimentation.
Soil physicochemical analysis: The soil
physical properties considered in this study were
bulk density, porosity, soil moisture and electrical
conductivity. The soil chemical properties deter-
mined were soil pH, organic carbon, organic
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nitrogen and available phosphorus. For the
measurement of bulk density, an unperturbed
block of soil was taken and dried at 105 oC for
24 hours. The weight of the dried sample was
measured using sensitive digital balance and the
soil volume was determined by measuring the
cylinder volume. The weight of oven dried soil
(g) divided by volume of soil core (cc) gave the
value of bulk density. The particle density of soil
was calculated by taking ratio of mass of dry soil
to volume of air dried soil. The soil porosity was
calculated from the value of bulk density and
particle density, by using the following equation:
Gravimetric method was used to determine the
soil moisture. For measuring soil pH and electrical
conductivity, 10 g soil was mixed with boiling
distilled water in the ratio of 1:5. A conductivity
meter equipped with HACH sensor was used to
measure the electrical conductivity, and a
sensitive digital pH meter was utilized for
determining pH of the clear layer of the soil
system. Both electrical conductivity and pH were
measured three times and mean of these three
readings was taken to minimize the handling error.
A standard titrimetric method was used to
determine organic carbon of the soil. Soil organic
nitrogen was calculated by multiplying % organic
carbon with 0.0862. The soil phosphorus is
extracted from the soil using Bray No. 1 solution
Fig-1(a): Bulk Density vs. log (CPT bacterial density)
y = -0.1953x + 8.9314
R2 = 0.0756
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Fig-1(b): Porosity vs. log (CPT bacterial density)
y = 0.0028x + 8.5647
R2 = 0.2978
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and measured calorimetrically based on the
reaction with ammonium molybdate and
development of the ‘Molybdenum Blue’ colour.
The absorbance was measured at 882 nm using
a spectrophotometer, which is directly
proportional to the amount of phosphorus
extracted from the soil [11].
Chlorpyrifos-tolerant bacterial density in
soil: The chlorpyrifos-tolerant bacterial density
per gram of soil, in terms of colony forming units
(CFUs), was determined using viable plate count
technique. One gram of soil was properly
dissolved in 9 mL of sterile distilled water and
diluted to 10-3 and 10-5 using the sterile distilled
water. From these two dilutions, 0.1 ml portion
was used to spread the agar plates containing
chlorpyrifos 20 mg/L. The plates were incubated
at room temperature for 48 hours. Also, N-agar
plates not supplemented with chlorpyrifos were
used as control to determine the total bacterial
count in the untreated soil. The bacterial cells
were counted using viable count technique and
represented in terms of CFUs. All the plating was
performed in triplicates and results were
represented as mean. The viable count of
bacteria was obtained from this value by
reference to the serial dilution used.
Statistical analysis: The MS-Excel worksheet
was used for classification and statistical analysis
of data obtained on soil physicochemical
Fig-1(d): E. C. vs. log (CPT bacterial density)
y = 0.1459x + 8.6471
R2 = 0.1794
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Fig-1(c): Soil moisture vs. log (CPT bacterial density)
y = 0.0027x + 8.6341
R2 = 0.6253
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properties and chlorpyrifos-tolerant bacterial
density. The analyzed data were used to prepare
result table and graphs. The useful inferences
were derived from the interpretation such result
table and graphs.
RESULTS AND DISCUSSION
Soil physicochemical properties: The soil
physicochemical properties like bulk density,
porosity, soil moisture, soil pH, organic carbon,
organic nitrogen, available phosphorus, etc.
affect the population and diversity of bacteria in
the cultivated soil. Therefore, it is imperative to
examine the relation between soil physic-
ochemical properties and abundance of native
pesticide-tolerant bacteria. The presence of
sufficient moisture content in soil is important for
physiological activities of microorganisms. Also,
a certain minimum level of different nutrients in
soil is essential for the presence of an active
microbial population in the soil. In this work, some
selected physicochemical properties of the soil
were determined, for evaluating their effect on
chlorpyrifos-tolerant bacterial density. The soil
physicochemical properties are as given in Table 1.
Chlorpyrifos-tolerant bacterial density in
relation to soil physical properties: Four
selected physical properties of soil viz. bulk
Fig-2(a): Soil pH vs. log (CPT bacterial density)
y = -0.075x + 9.3229
R2 = 0.3713
8.640
8.680
8.720
8.760
8.800
8.840
7 7.5 8 8.5
Soil pH
lo
g
(C
PT
ba
ct
er
ia
ld
en
si
ty
Fig-2(b): Organic C vs. log (CPT bacterial density)
y = 0.0238x + 8.5878
R2 = 0.5593
8.640
8.680
8.720
8.760
8.800
8.840
4 5 6 7 8 9 10
Soil Organic C (g/Kg)
lo
g
(C
PT
ba
ct
er
ia
ld
en
si
ty
Sumit Kumar
Electronic Journal of Environmental Sciences
22
density, porosity, soil moisture and electrical
conductivity, were investigated for their impact
on chlorpyrifos-tolerant bacterial density (CPT)
in the cultivated soils. The bulk density of the soil
was found to be negatively correlated with CPT
bacterial density. However, the remaining three
physical properties such as porosity, soil moisture
and electrical conductivity were positively
correlated with CPT bacterial density. The lower
values of R-square for correlation between CPT
bacterial density and bulk density (0.075), porosity
(0.297) and electrical conductivity (0.179)
showed that these physical properties had little
impact on native CPT bacterial population (Figs.
1a,b,d). The soil moisture content with R-square
value of 0.625 showed strong correlation with
CPT bacterial density of soil (Fig. 1c). Therefore,
the pesticide degrading native bacterial population
could be increased by proper and adequate
irrigation facilities to the cultivated soil.
Chlorpyrifos-tolerant bacterial density in
relation to soil chemical properties: Four
selected chemical properties of soil viz. soil pH,
organic C, organic N and available P, were
investigated for their impact on chlorpyrifos-
tolerant bacterial density (CPT) in the cultivated
soils. The soil pH was found to be negatively
correlated with CPT bacterial density. However,
the remaining three chemical properties such as
Fig-2(c) Organic N vs. log (CPT bacterial density)
y = 0.2712x + 8.5596
R2 = 0.6519
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Fig-2(d) Available P vs. log (CPT bacterial density)
y = 0.0033x + 8.6613
R2 = 0.7743
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organic C, organic N and available P were
positively correlated with CPT bacterial density.
The correlation analysis of CPT bacterial density
with soil pH, organic C, organic N and available
P gave R-square values of 0.371, 0.559, 0.651
and 0.774 respectively (Figs. 2a to 2d). The
results showed that available P in soil had higher
impact on native CPT bacterial population,
followed by organic N, organic C and soil pH.
The effective management of soil chemical
properties by adequate soil nutrient management
can have positive and favourable impact on native
CPT bacterial density, which in turn, can facilitate
catabolic recycling of applied chlorpyrifos in the
cultivated soil.
CONCLUSIONS
The results of the current work showed that some
of the physical and chemical properties of soil
have higher impact on the abundance of
chlorpyrifos tolerant/degrading native bacteria in
the cultivated soil. Out of eight physicochemical
properties investigated in this study, the effect of
soil moisture, organic C, organic N and available
P, was very significant. Therefore, adequate
irrigation facilities along with effective soil
nutrient management can have positive impact
on CPT bacterial population in the cultivated soil.
The findings of present study can be utilized for
the development of effective bacterial
bioremediation process for chlorpyrifos-
contaminated soil. The results can be also utilized
for the bioremediation of soil contaminated with
other pesticides.
Bacterial density
(CFU/g soil) Soil physical properties Soil chemical properties
Total CP-tolerant Bulk Density(g/cc)
Porosity
(%)
Soil  Moisture
(%)
E.C.
(mS/cm)
Soil
pH
Organic C
(g/Kg)
Organic N
(g/Kg)
Available P
(mg/Kg)
2.23 x 1010 5.89 x 108 0.876 77.398 39.838 0.854 7.344 6.058 0.654 16.877
2.15 x 1010 5.55 x 108 0.934 64.066 52.734 0.557 7.506 8.459 0.851 34.562
2.13 x 1010 4.82 x 108 0.995 57.451 23.97 0.619 7.808 6.669 0.697 36.764
2.33 x 1010 6.06 x 108 1.013 61.023 50.811 0.653 8.16 5.178 0.532 13.721
Table 1: Chlorpyrifos-tolerant (CPT) bacteria in relation to soil physicochemical properties
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Abstract: The effects of two different pesticides viz. chlorpyrifos (an organophosphate)
and endosulfan (an organochlorine cyclodiene) were evaluated on cellulase activity in
cultivated soil of Rajkot region of Gujarat. Endosulfan and chlorpyrifos application
lead to significant increase in cellulase activity till second and third week of treatment
respectively, compared to untreated control. In comparison to control, the activity of
cellulase increased to 29% and 36% in presence of 10 ppm each of endosulfan and
chlorpyrifos, respectively, after 14 days. The combined effect of chlorpyrifos and
endosulfan showed stimulatory effect at lower concentration, while inhibitory effect at
higher concentration. The maximum inhibition (28%) in soil cellulase activity was noticed
in presence of 50 ppm each of chlorpyrifos and endosulfan after 7 days of treatment.
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INTRODUCTION
Soil is a living dynamic, non-renewable, resource
and its conditions influence food production,
environmental efficiency and global balance [1].
All the transformations of nutrients occurring in
soil are stimulated by the enzymes that condition
their conversion into forms available to plants
and micro-organisms. Enzymes are frequently
referred to as markers of soil environment purity
[2]. Modern agriculture and industry depend on
a wide variety of synthetically produced
chemicals, including insecticides, fungicides,
herbicides and pesticides [3]. It is essential to
study the impact of particular pesticides on the
natural environment, including soil metabolism.
Active substances found in many pesticides may
interfere with the soil enzymatic activity and
microbial growth. Modifications in the soil
microbial activity may lead to upsetting the
biological equilibrium of soil, which in turn
depresses its fertility. Therefore, it is important
to examine the effect of pesticides on the
biological activity of soil, and particularly on soil
enzymes, which can serve as a good indicator of
the impact of pesticides on soil metabolism [4].
Soil microorganisms participate in a myriad of
recycling processes of nutr ients in the
maintenance of soil fertility. Since soil is a
repository for pesticides applied for agricultural
productivity, it is highly likely that non-target
soil microorganisms react with these
agrochemicals. Any action that disturbs the life-
function of non-target soil microflora could
directly or indirectly affect their activities and

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ultimately influence soil fertility and plant
growth [5]. Cellulose is the most important
organic compound in soil, which is metabolized
by the action of enzyme cellulase [6]. The main
cellulose utilizing species are the aerobic and
anaerobic hemophilic bacteria, filamentous
fungi, basidiomycetes, thermophilic bacteria and
actinomycetes [7]. Cellulases play an important
role as a group of enzymes in global recycling
of the most abundant polymer, cellulose in
nature. The use of fungicides, such as tridemorph
and captan, caused stimulation in cellulase
activity in the black soil [8]. Information of soil
enzyme activities used to determine soil micro-
biological characteristics are very important for
soil quality. Enzymatic activities as caused by
soil microbial activities were sensitive indicators
to detect changes occurring in soils [9].
Pesticides investigated in this study for their
effect on cellulase activity in soil were
endosulfan and chlorpyrifos. Endosulfan, an
organochlorine cyclodiene insecticide class of
pesticide is widely used to control pests of crops,
such as cotton, oilseeds, vegetables, etc. It acts
as a contact poison in a wide variety of organisms
[10]. Chlorpyrifos is a widely used organopho-
sphate insecticide. The manufacture and
formulation process of chlorpyrifos generates
waste that contains the compound, and this has
to be treated by physicochemical and biological
means [11].
The objective of this work was to investigate the
biochemical activity of cultivated soil in terms
of cellulase activity depending on the separate
and combined application of chlorpyrifos and
endosulfan pesticides at different concentration
levels and for different treatment durations.
MATERIALS AND METHODS
Soils:The soils used were sampled from the
surface layer (0 – 15 cm) of agricultural fields
used for cotton and groundnut cultivation in
Rajkot district of Gujarat, India. The soil samples
were taken randomly by using a soil auger from
10-12 places from the same field and mixed
thoroughly to get one composite sample. The
collected samples were passed through a 2 mm
mesh and stored in the sealed plastic bags at room
temperature prior to analyses. The methods for
determining soil properties were used as
followed by Anderson and Ingram [12].
Pesticides: Two different pesticides viz.
chlorpyrifos (an organophosphate) and
endosulfan (an organochlorine cyclodiene) were
selected for the present investigation because of
their extensive use in the cultivation of cotton,
groundnut, vegetables, etc. in the study sites. The
commercial formulations of chlorpyrifos (Lethal,
EC 20%) and endosulfan (Endoin, EC 35%) were
dissolved in sterile distilled water for amendment
to soil samples.
Soil sample preparation: The soil samples were
dried in sun light for 24 hours and then
autoclaved at 121oC, 15 psi for 30 minutes. After
cooling, one kilogram soil weighed and kept in
plastic trays. Pesticide solution (endosulfan,
chlorpyrifos and endosulfan + chlorpyrifos) at a
concentration of 0, 1, 10 and 50 ppm was added
respectively, in triplicates. Previously isolated
bacterial mixed-culture was properly added in
the soil. All trays were labelled according to
pesticide solutions added and kept at room
temperature, with alternate 12 hours light and
12 hours dark period. Suitable amount of sterile
distilled water was sprayed at 3 days intervals
and samples were analyzed for the activity of
cellulase after day 1, 7, 14, 21 and 28.
Assay for cellulase activity: Cellulase activity
was measured using carboxymethyl cellulose
powder as a substrate. The reaction mixture
consisted of 0.2 ml culture filtrate, 0.5 ml of 2%
carboxymethyl cellulose powder, 0.5 ml
phosphate buffer (pH 5.0) and 0.8 ml distilled
water, and incubated at 40OC for 30 minutes with
shaking (130 rpm). The reaction was stopped by
the addition of 1 ml of 0.3 % sodium dodecyl
sulphate (SDS) to the reaction mixture and the
treatment was preceded in boiling water for 10
minutes. After boiling the reaction mixture, the
mixture was centrifuged at 800g for 5 minutes.
The supernatant was utilized for the
determination of the reducing sugars by
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measuring O.D. at 520 nm wavelength and
cellulose as a standard. Cellulase activity is
expressed as μg glucose formed/g dry weight of
soil [13].
Statistical analysis: The MS-Excel worksheet
was used for statistical analysis of data obtained
on cellulase activity in response to endosulfan
and chlorpyrifos treatment. All the data were
average of three replicates. The analyzed data
were used to prepare result table and graphs. The
useful inferences were derived from the
interpretation such result table and graphs.
RESULTS AND DISCUSSION
General properties of soil: The experimental
soil was a clay loam, with a pH of 7.34, bulk
density 0.934 g/cc, soil moisture 52.73%,
electrical conductivity 0.557 mS/cm, organic
carbon 6.06 g/kg, organic nitrogen 0.65 g/kg and
available phosphorus 16.87 mg/kg.
Effect of endosulfan on cellulase activity: The
activity of cellulase in soil inoculated with native
bacterial isolates (mixed-culture) was found to
be higher by 24 – 29 % over the untreated control
at endosulfan concentrations of 1 ppm and 10
ppm respectively, at the end of 14 days in clay
loam soil. The cellulase activity followed
increasing trend till treatment duration of 14 days
and thereafter its activity declined for both
concentration levels of 1 ppm and 10 ppm. At
higher concentration of endosulfan (50 ppm), the
activity of cellulase was lowered by 17-32 %
over the untreated control, during the entire
period of treatment duration of 28 days. The
stimulatory and inhibitory effects on cellulase
activity in clay loam soil exerted by endosulfan
at three different concentrations, for different
treatment durations, are as presented in figure 1.
The results of linear regression analysis between
endosulfan variables and percent change in
cellulase activity in soil are presented in table 1.
The highly significant correlation was found
between endosulfan concentration and cellulase
activity (r = -0.967 & r2 = 0.935) compared to
that of treatment duration and cellulase activity
(r = -0.261 & r2 = 0.068). The negative value of
correlation coefficient indicated that the cellulase
activity in soil decreases with the increasing
concentration of endosulfan.
Effect of chlorpyrifos on cellulase activity:
Chlorpyrifos stimulated the activity of cellulase
in soil inoculated with native bacterial isolates
(mixed-culture) by 29 – 36 % over the untreated
control at concentrations of 1 ppm and 10 ppm
respectively, at the end of 14 days in clay loam
soil. The cellulase activity followed increasing
trend till treatment duration of 21 days and
thereafter its activity declined for both
concentration levels of 1 ppm and 10 ppm. At
higher concentration of chlorpyrifos (50 ppm),
the activity of cellulase was lowered by 10 – 26%
over the untreated control, during the entire
period of treatment duration of 28 days. The
stimulatory and inhibitory effects on cellulase
activity in clay loam soil exerted by chlorpyrifos
at three different concentrations, for different
treatment durations, are as presented in figure 2.
The results of linear regression analysis between
chlorpyrifos variables and percent change in
cellulase activity in soil are presented in table1.
The highly significant correlation was found
between chlorpyrifos concentration and cellulase
activity (r = -0.958 & r2 = 0.918) compared to
that of treatment duration and cellulase activity
Change in
cellulase activity (%)Pesticide Variables
Pearson
correlation R-square
Concentration
(for 2 weeks
treatment)
-0.967 0.935
Endosulfan
Treatment duration
(for 10 ppm
concentration)
-0.261 0.068
Concentration
(for 2 weeks
treatment)
-.0958 0.918
Chlorpyrifos Treatment duration
(for 10 ppm
concentration)
0.129 0.017
Concentration
(for 2 weeks
treatment)
-0.995 0.990Endosulfan
+
Chlorpyrifos Treatment duration
(for 10 ppm
concentration)
0.239 0.057
Table 1: Linear regression analysis between pesticide
variables and cellulase activity
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Fig. 1: Effect of endosulfan on cellulase activity in soil
Fig.2: Effect of chlorpyrifos on cellulase activity in soil
Fig. 3: Combined effect of endosulfan & chlorpyrifos on cellulase activity in soil
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(r = 0.129 & r2 = 0.017). The negative value of
correlation coefficient indicated that the cellulase
activity in soil decreases with the increasing
concentration of chlorpyrifos.
Combined effect of endosulfan & chlorpyrifos
on cellulase activity: The activity of cellulase
in soil inoculated with native bacterial isolates
(mixed-culture) was found to be higher by 26%
and 22 % over the untreated control when both
endosulfan (ES) and Chlorpyrifos (CP) were
applied together, at concentrations of 1 ppm and
10 ppm respectively, at the end of 14 days in
clay loam soil. The cellulase activity followed
increasing trend till treatment duration of 14 days
and thereafter its activity declined in ES + CP
treated soil for both concentration levels of 1 ppm
and 10 ppm. At higher concentration of ES + CP
(50 ppm), the activity of cellulase was lowered
by 13 – 28% over the untreated control, during
the entire period of treatment duration of 28 days.
The stimulatory and inhibitory effects on
cellulase activity in clay loam soil exerted by
the combined application of ES + CP at three
different concentrations, for different treatment
durations, are as presented in figure 3. The results
of linear regression analysis between pesticide
(ES + CP) variables and percent change in
cellulase activity in soil are presented in table 1.
The highly significant correlation was found
between pesticide concentration and cellulase
activity (r = -0.995 & r2 = 0.990) compared to
that of treatment duration and cellulase activity
(r = 0.239 & r2 = 0.057). The negative value of
correlation coefficient indicated that when
combined concentration of ES and CP rise then
cellulase activity in soil declines.
CONCLUSION
Cellulase is a key enzyme in decomposition of
plant residues in soil. This enzyme catalyzes the
process in which cellulose-carbon is mineralized
to carbon dioxide and released to atmosphere.
The application of endosulfan and chlorpyrifos
separately and together, up to a cer tain
concentration level (1 – 10 ppm), remarkably
stimulated the activity of cellulase in the
cultivated clay loam soil. However, the cellulase
Sumit Kumar
activity was lowered at higher concentration (50
ppm) of both endosulfan and chlorpyrifos
applied separately or together. Therefore, the
optimal dose of pesticide application in the
cultivated soil is essential to maintain proper soil
fertility and soil health.
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FLUCTUATION OF SOIL BACTERIAL DEHYDROGENASE ACTIVITY
IN RESPONSE TO THE APPLICATION OF ENDOSULFAN
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Abstract: The effects of two different categories of pesticides viz. chlorpyrifos (an
organophosphate) and endosulfan (an organochlorine cyclodiene) were evaluated on soil
dehydrogenase activity. The medium and higher dose of endosulfan resulted in the significant
decrease in dehydrogenase activity till third and fourth week of treatment, respectively. In case
of chlorpyrifos, decrease in dehydrogenase activity was observed till second week at medium
dose and till fourth week at higher dose, compared to untreated control. In comparison to
control, the activity of dehydrogenase decreased by 16% and increased by 25% in presence of 10
ppm each of endosulfan and chlorpyrifos, respectively, after 14 days. The combined effect of
chlorpyrifos and endosulfan showed inhibitory effect at both medium and higher doses, for the
treatment duration of four weeks. The maximum inhibition (62%) in soil dehydrogenase activity
was noticed in presence of 50 ppm each of chlorpyrifos and endosulfan after first day of treatment.
Key words: Soil dehdrogenase, Endosulfan, Chlorpyrifos
INTRODUCTION
The use of pesticides has become an integral and
economically essential part of modern agriculture.
Pesticides are often applied several times during one
crop season and a part always reaches the soil. The
behaviour of the pesticide in soil’s depends upon the
chemical and physical properties of the pesticides,
environmental factors and soil physicochemical and
biological properties. The physicochemical nature of
the soil is important for persistence, metabolism and
binding of pesticides in the soil [1]. Several microbial
enzymes are present in the soil which catalyze
organic matter turnover. Soil enzymes are produced
mainly by bacteria and fungi. The most common soil
enzymes are dehydrogenase, catalase, phosphatase,
amylase, cellulase, xylanase, pectinase, saccharase,
protease and urease. The role of soil enzymes and
its importance is getting increased attention by the
relation-ships between soil enzymes and the
environmental factors affecting their activities [2].
The chemical changes brought about by
microorganisms in the soil are important for soil
fertility and plant growth. When an organic residue
is incorporated into the earth and environmental
conditions are favourable, the soil organisms
immediately start utilizing them as a source of carbon
and energy [3]. The study of enzyme activity of soils
may reflect the potential capacity of a soil to perform
certain biological transformations of importance to
soil fertility. Determination of dehydrogenase activity
is one of the general criteria used to determine soil
microbial activity. Dehydrogenase activity is an
indicator of potential non-specific intracellular
enzyme activity of the total microbial biomass.
Intracellular dehydrogenases belong to the
oxidoreductases and catalyze the oxidation of organic
compounds by separating two H-atoms.
Dehydrogenase activity may be considered a good
measure of microbial oxidative activities in soils [4].
Arable land is often enriched with agrochemicals

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like, fertilizers and pesticides to increase agricultural
productivity [5]. Contamination of agricultural soils
with organic and inorganic pollutants results from
industrial and domestic wastes, agricultural inputs and
several other human activities. Application of
pesticides to agricultural soils may affect soil biological
activity in a variety of ways [6]. It is important to
know if the uses of pesticides have any pronounced
influence on the activities of soil microorganisms and
enzymes [7]. Soil enzymes are significant in
catalyzing several important reactions necessary for
the life processes of microorganisms in soils and the
stabilization of soil structure, the decomposition of
organic wastes, organic matter formation and nutrient
cycling [8]. The increased use of pesticides in
agricultural soils causes contamination of the soil with
toxic chemicals. When pesticides are applied, the
possibilities exist that these chemicals may exert
certain effects on non-target organisms, including soil
microorganisms [9]. Soil enzyme activity is believed
to be sensitive to pollution and has been proposed as
an index of soil degradation. Soil dehydrogenase
activity is considered to be a valuable parameter for
assessing the side effects of herbicide treatments on
the soil microbial biomass [10]. The objective was to
investigate the biochemical activity of cultivated soil
in terms of dehydrogenase activity depending on the
separate and combined application of chlorpyrifos and
endosulfan pesticides at different concentration levels
and for different treatment durations.
MATERIALS AND METHODS
Soils: The soils used were sampled from the surface
layer (0 – 15 cm) of agricultural fields used for cotton
and groundnut cultivation in Rajkot district of Gujarat.
The soil samples were taken randomly by using a
soil auger from 10-12 places from the same field and
mixed thoroughly to get one composite sample. The
collected samples were passed through a 2 mm mesh
and stored in sealed plastic bags at room temperature
prior to analyses. The methods for determining soil
properties were used as followed by Anderson and
Ingram [11].
Pesticides: Two different pesticides viz. chlorpyrifos
(an organophosphate) and endosulfan (an organ-
ochlorine cyclodiene) were selected for the present
investigation because of their extensive use in the
cultivation of cotton, groundnut, vegetables, etc. in
the study sites. The commercial formulations of
chlorpyrifos (Lethal, EC 20%) and endosulfan
(Endoin, EC 35%) were dissolved in sterile distilled
water for addition to soil samples.
Soil sample preparation: The soil samples were
dried in sun light for 24 hours and then autoclaved at
121oC, 15 psi (pound/square inch) for 30 minu-tes.
After cooling, one kilogram soil weighed and kept in
plastic trays. Pesticide solution (endosulfan,
chlorpyrifos and endosulfan + chlorpyrifos) at a
concentration of 0, 1, 10 and 50 mg per kg soil was
added respectively, in triplicates. Previously isolated
bacterial mixed-culture was added and all trays were
suitably labelled and kept at room temperature, with
alternate 12 hours light and 12 hours dark period.
Suitable amount of sterile distilled water was sprinkled
at 3 day intervals and samples were analyzed for the
activity of dehydrogenase after day 1, 7, 14, 21 and
28.
Assay for dehydrogenase activity: To 3g air dried
soil sample, 1 mg glucose solution (30 mg/L) and 0.5
mL of a 3% solution of 2,3,5-triphenyltetrazolium
chloride were added and the volume was made to 5
ml by adding of 0.1M Tris buffer (pH 7.8). After
incubating at 37 °C for 24 hours, the formazan formed
was extracted with 10 ml ethanol and estimated
spectrophotometrically at 485 nm. The concentration
of formazan was calculated from its standard curve.
The dehydrogenase activity is expressed as μg
formazan formed/g dry weight of soil [12].
Statistical analysis: The MS-Excel worksheet was
used for statistical analysis of data obtained on
dehydrogenase activity in response to endosulfan and
chlorpyrifos treatments. All the data are average of
three replicates. The analyzed data were used to
prepare result table and graphs.
RESULTS AND DISCUSSION
General properties of soil: The experimental soil
was a clay loam, with a pH of 7.34, bulk density
0.934 g/cc, soil moisture 52.73%, electrical conduc-
tivity 0.557 mS/cm, organic carbon 6.06 g/kg, organic
nitrogen 0.65 g/kg and available phosphorus 16.87
mg/kg.
Effect of endosulfan on dehydrogenase activity:
At lower concentration of endosulfan (1 ppm), the
activity of dehydrogenase in soil inoculated with native
bacterial isolates was found to be lowered by 10%,
after one day of treatment, and thereafter followed
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Fig. 1: Effect of endosulfan (ES) on soil dehydrogenase activity
Fig. 2: Effect of chlorpyrifos (CP) on soil dehydrogenase activity
Fig. 3: Combined effect of endosulfan & chlorpyrifos on soil dehydrogenase activity
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slightly higher activity (3 – 9%) till fourth week of
treatment. At medium concentration of endosulfan
(10 ppm), the activity of dehydrogenase decreased
by 11 – 28% till third week, but increased by 5%
after fourth week of treatment. At higher
concentration of endosulfan (50 ppm), the activity of
dehydrogenase decreased by 12 –53% during the
entire period of treatment for 28 days. The inhibitory
and stimulatory effects of endosulfan on dehydro-
genase activity in clay loam soil, at three different
concentrations and for different treatment durations,
are as presented in figure 1. The results of linear
regression analysis between endosulfan variables and
percent change in dehydrogenase activity in soil are
presented in Table 1. The negative correlation (r = –
0.923) between endosulfan concentration and
dehydrogenase activity showed that the
dehydrogenase activity in soil decreases with the
increasing concentration of endosulfan. The positive
correlation (r = 0.971) between treatment duration
and dehydrogenase activity explained that the
dehydrogenase activity in soil is gradually restored in
due course of time after the application of endosulfan.
Effect of chlorpyrifos on dehydrogenase activity:
At the lower concentration of chlorpyrifos (1 ppm),
the activity of dehydrogenase in soil inoculated with
native bacterial isolates increased by 6 – 17 % during
the treatment period of four weeks. At the medium
concentration of chlorpyrifos (10 ppm), the activity
of dehydrogenase decreased by 31% at the end of
first week, but increased by 12% after fourth week
of treatment. At the higher concentration of
chlorpyrifos (50 ppm), the activity of dehydrogenase
decreased by 17 –56% during the entire period of
treatment for 28 days. The inhibitory and stimulatory
effects of chlorpyrifos on dehydrogenase activity in
clay loam soil, at three different concentrations and
for different treatment durations, are as represented
in figure 2. The results of linear regression analysis
between chlorpyrifos variables and percent change
in dehydrogenase activity in soil are presented in table
1. The highly significant correlation was found
between chlorpyrifos concentration and
dehydrogenase activity (r = – 0.958) compared to
that of treatment duration and dehydrogenase activity
(r = 0.487). The negative value of correlation
coefficient indicated that the dehydrogenase activity
in soil decreases with the increasing concentration
of chlorpyrifos. However, the dedyrogenase activity
in soil is slowly recovered in due course of time.
Combined effect of endosulfan & chlorpyrifos
on dehydrogenase activity: The activity of
dehydrogenase in soil inoculated with native bacterial
isolates was found to be lowered by 4 to 13% over
the untreated control when both endosulfan (ES) and
Chlorpyrifos (CP) were applied together, at
concentration of 1 ppm each for the treatment
duration of 28 days. When ES and CP were applied
at a concentration of 10 ppm each then dehydrogenase
activity was lowered by 7 to 38% for the treatment
duration of 28 days. At higher concentration of ES +
CP (50 ppm each), the activity of dehydrogenase
reduced by 21 to 62% over the untreated control,
during the entire period of treatment duration of 28
days. The inhibitory effect on dehydrogenase activity
in clay loam soil exerted by the combined application
of ES + CP at three different concentrations for
different treatment durations is represented in figure
3. The results of linear regression analysis between
pesticide (ES + CP) variables and percent change in
dehydrogenase activity in soil are presented in table-
1. The negative correlation (r = – 0.963) between
pesticides concentration and dehydrogenase activity
showed that the dehydrogenase activity in soil
decreases with the increasing concentration of applied
pesticides. The positive correlation (r = 0.943)
between treatment duration and dehydrogenase
activity explained that the dehydrogenase activity in
soil is gradually restored in due course of time after
the application of pesticides, however, the rate of
recovery of dehydrogenase activity was much slower
for the treatment duration of 28 days.
Change in dehydrogenase
activity (%)Pesticide Variables
Pearson
correlation R-square
Concentration
(for 2 weeks treatment) -0.923 0.852Endosulfan
Treatment duration
(for 10 ppm concentration) 0.971 0.942
Concentration
(for 2 weeks treatment) -0.958 0.919Chlorpyrifos
Treatment duration
(for 10 ppm concentration) 0.488 0.238
Concentration
(for 2 weeks treatment) -0.963 0.928Endosulfan+
Chlorpyrifos Treatment duration
(for 10 ppm concentration) 0.943 0.889
Table 1: Linear regression analysis between pesticide variables
and dehydrogenase activity
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CONCLUSION
The application of endosulfan has become contro-
versial in the recent years. Because of its toxicity,
this pesticide has been banned in many developed
countries [13]. However, it is being continuously used
in the developing countries, including India [14].
The dehydrogenase is used as a general criteria to
determine soil microbial activity and considered a good
measure of soil microbial oxidative activities. The
individual application of endosulfan and chlorpyrifos
showed both inhibitory and stimulatory effects on the
activity of this enzyme in due course of treatment
duration. However, when these two pesticides were
applied together, the inhibitory effect was remarkable
at both medium and higher doses of pesticides for
the treatment duration of four weeks. Therefore, the
optimal dose of pesticide application in the cultivated
soil would facilitate to maintain healthy soil microbial
activity, which in turn is important for the effective
management of fertility levels of the cultivated soil.
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